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UNCLASSIFIED ABSTRACT

The purpose of this program was the design, development,
fabrication, and field test of a hydropneumatic suspension system
for the AAV-7Al1 Amphibian Assault Vehicle. The system consists of
twelve (12) self-contained, externally-mounted in-arm suspension
units (ISU) and two (2) spare units. The ISU is constructed with
a hydropneumatic spring within the roadarm and a hydromechanically-
cothgllad, friction disc damper located within the roadarm
spindle.

The award of Contract #N00167-88-C=-0024 in January 1988 by the
Marine Corps Program Office of the David Taylor Research Center
(DTRC) to Cadillac Gage Textron Inc. (CGTI) began the four-task
program. After the conclusion of Phase I, the design phase, the
Design Report for an In-Arm Hydropneumatic Suspension Unit, dated
September 1988, was published and distributed. This report is
available from the David fTaylor Information Center (DTIC No.
A205094). The program eventually culminated in vehicle testing at
the Marine Corps Amphibian Vehicle Test Branch (AVTB), Camp
Pendleton, California. The basic scope of work and field support
ware completed by November 1990. An added scope of this contract
was the design and laboratory test of a retractable ISU. The final
report for this effort is included in this document as an addendum.
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1.0 . INTRODUCTION

This final report is in response to CDRL Item No. 0004 of Contract
No. N00l167=88=C-~0024, Task IV. Included is a review of Task I, the
design of a hydropneumatic in-arm suspension system; and a summary
of Task II, fabrication and laboratory test, and Task III, vehicle
installation and field testing.

1.1 Background and Scope

The award of Contract No. NO0167-88-C-0024 to Cadillac Gage Textron
by the Marine Corps Program Office of the David Taylor Research
Center occurred in January 1988. As is specified in the Statement
of Work (SOW) of the contract, the suspension system consists of 12
units plus two spares, and all hardware to integrate the units into
an AAV7AL vehicle.

Task I, CDRL Item No. 0001, the design phase, encompassed the
concsptual design, vehicle installation and unit layout, and
component detailing of the 6,000~pound static load capacity (6K)
in-arm suspension unit (ISU), shown in Figure 1-1. Vehicle load

‘analyses, classic stress and finite element analyses, and simulated

vehicle ride analyses using the VEHDYN II ride modelling program
were performed during this phase.

Task II, CDRL Item No. 0002, consisted of component procurement and
fabrication, unit assembly, and laboratory testing. Testing was
performed on component assemblies before installatiun into the
ISUs, as well as on the 6K unit assemblies.

During Task III, CDRL Item No. 0003, upweighting of the test
vehicle, installation of the 6K suspension system, instrumentation
of the system to record unit velocities and pressures, and vehicle
absorbed power, and field testing were accomplished. The test
vehicle was a prototype AAV7A1 chassis designated the LVTPX-12,
shown in Figure 1-2, Vehicle testing was performed at Cadillac
Gage's Warren, Michigan facility, testing facilities in Oxford,
Michigan, the Marine Corps Amphibian Vehicle Test Branch (AVTB) at
Camp Pendleton in Oceanside, California and the Marine Corps Air
Ground Combat Center (AGCC) in Twenty Nine Palms, Calirfornia.

1.2 ~ obiegtive

The purpose of this report is to summarize the above tasks,

including problems that were identified during laboratory testing,

vehicle installation, and field tentini, and the design changes
de

made and proposed as a result of these ntified problems. This
is discussed in the following sections.

2.0 SUSPENSION DESIGN REVIEW



FIGURE 1-1
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2.1 System Requirements

The uvbjective of the contract was the design of a hydropneumatic
suspension system for the AAV7Al assault amphibian vehicle that was
lightweight, self-supporting, corrosicn-resistant, improved vehicle
performance, and maximized vehicle interior volume. The system
specifications called for twelve units with adjustable dampers, and
the capability of providing for roadwheel loading of 3.5g's and a
15% vehicle weight growth. Contract system requirements were as
follows:

1. Minimun vehicle ground clearance of 16 inches.
2. Vehicle heave frequency of 1 to 1.5 Hertz.
3. System weight target of 2,250 pounds.

* 4. Minimum of 12 inches of jounce travel and 4 inches of
rebound travel.

5. Able to operate in temperatures from -65 to 125 degrees
Fahrenheit.

6. Ahle to withstand bearing loads of 34,235 pounds
vertical, 20,000 pounds lateral, and a combination of
17,300 pounds lateral and 21,600 pounds vertical.

7. Clearance of 2.124 inches maintained between the inside
edge of the track and the vehicle hull.

2.2 CGT Desian Parameters

Table I, below, lists the design parameters for the CGT suspension
unit and system.

Table I.
Suspension Design Parameters

Suspension System CGT Design
Weight (1lbs.)

Unit 285.0

System 3,729.8
Pitch Frequency (Hz.) 0.882
Bounce Ffrequency (Hz.) 1.009

4




Table I. (Cont'd)

Suspensjon Degign Parameters
Suspension System CGT Design
Tenmperature Effects 1" vertical change
per 60°F
Vehicle Wweight Growth 15%
Durability (hrs. to
rebuild) 1,000
Maintenance 100 dynamic hrs.
Corrosion Protection Methods included
in Design Report
Ballistic Protection 7.62-nmm AP @ muzzle
and 0° obliquity (2)
Installation
Lateral Clearance (in.)
Track Centerline to Hull 12.625
Track to Hull 2,125
Ground Clearance (in.) 17
Track Length on Ground (in.) ‘ 155
Suspension Unit
Structural
Bearing Loads (1lbs.)
Vertical 34,235
Lateral 20,000
Combined
Vertical 21,600
Lateral 17,300

Spring System
Road Wheel Travel (in.)

Jounce ' 12.5
Rebound 5.0
Spring Rate, Max. (g's) 3.5 @ 6K,
3.0 @ 7.2K

Damper System
Damper Rate, Max. (lbs.) G, 000




2.3 In-Arm Suspension Description

To more easily describe the In-Arm Suspension Unit (ISU), it can be
separated into three basic functional elements. These are:

¢ Spring - The spring system provides the necessary
resistive force by compressing a nitrogen charge to oppose
road wheel forces input by static vehicle load and terrain
disturbances over which the vehicle is traveling.

¢ Damper - The damper system provides the necessary forces
to minimize vehicle pitch and heave and is activated in
response to the velocity and position of the road wheel.
The damper is comprised of a hydromechanical, wet multiple-
friction disc mechanism located within the center section of
the roadarm spindle.

¢ Structure - The ISU structure contains the damper, spring,
and bearing systems and is designed to meet or exceed the
load criteria as required by the vehicle application and/or
the customer specification.

2.3.1 Spring System

2.3.1.1 gSystem Description

The hydropneumatic in-arm suspension unit spring is a slider-crank
mechanism, as depicted in Figure 2-1. Rotation of the roadarm in
the jounce direction causes an increase in the compression of the
entrapped nitrogen volume. This compression results in an increase
in gas temperature and pressure as described by the nitrogen real
gas equations. An increase in pressure is translated by the
slider-crank 1linkage and results in increasing torque on the
roadarm. Thus the interaction of geometry and gas compression
forms the gas spring system.

Several key elements comprise the spring system. Variations of
these parameters within specified design constraints result in
changes to the overall gas spring performance. These elements are:

¢ Slider-crank geometry

¢ Entrapped gas/oil volume ratio

¢ Gas precharge pressure

These changes are manifested by the road wheel position versus
force (spring) curve.

The slider-crank geometry was optimized during the design process
and cannot be adjusted once hardware is fabricated. The entrapped
gas/oil volume ratio and precharge pressure were

adjusted during vehicle testing to improve the vehicle's ride
performance.
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2.3.1.2 System Spring Rate

The spring system produces a spring rate which varies as a function
of wheel position. The rate at the static wheel position is
relatively low, providing improved ride quality. However, as the
whael approaches the jounce position, the spring rate increasas
dramatically, to prevent "bottoming out" on rugged terrain. The
characteristics of this variable rate spring are shown in the
adiabatic curve of Figure 2-2, Due to friction inharent in the
systen, the spring load varies through the range illustrated as the
unit goes from the static position to jounce and into rebound.

2.3.1.3  Spring Sealing Svstem

A piston seal was sized for the ISU design based on the velocity of
the unit and the force seen by the spring system.

This seal consists of a wedge loaded sealing surface acted on by an
expansion ring with multiple coil springs to provide an initial
preload on the sealing surface. The wedge seal is fabricated from
polyimide, which is a very high modulus, high strength plastic.
The wedge seal material resists extrusion under high pressure while
conforming to irregularities in the mating steel surface, thus
forming an effective high pressure seal.

Tw> Cadillac Gage designed spring loaded seals are used in series
on the. piston. This configuration forms a buffer zone between the
two seals; the first seal is exposed to the full pressure variation
while the second is exposed to an aluest constant static pressure
of 3,100 psig. In addition, the first seal acts as a check valve
by venting any increase in buffer zone pressure back to the oil
chamber when the spring returns to static pressure conditions.
This provides minimum leakage and wear of the second seal, and
hence, improves gas spring system reliability/durability.

2.3.2 Ramper System

2.3.2.1 Systen Description

The components of the damper mechanism consist of a hydromechanical
open loop control system and a wet, multiple-friction disc pack
installed within the roadarm spindle and activated by the rotating
roadarm. The cross-section of the damper is shown in Figure 2-3.
The damper system functions when the roadarm assembly rotates,
which forces a cam mounted to the roadarm to drive a piston pump,
thereby developing pressure. This pressure, which by virtue of cam
cut and relief valve is a function of wheel velocity and position,
acts on the damper piston, which then develops an axial clamping
force on the friction disc pack. The disc pack's function is to
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DAMPER SECTION

l SPINDLE TORQUE PIN

ROADARM SPINDLE

| ——
STATOR DISCS (7)
ROTOR DISCS (8) \\
I TAPERED ROLLER BEARINGS (2)
' T CONNECTING BAR PIN
; DAMPER RETAINER - — CONNECTING BAR BUSHINGS (2)
. TORQUE COVER
' DAMPER PISTON -—/
) BEARING RETAINER
I DAMPER SPRING—/
' CRANKCASE OIL SEAL ' {
l CRANKCASE DUST SEAL
i ROADARM
I DAMPER CAM DAMPER PUMP ASSEMBLY

[IGURE 2-3
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provide a constant slip torque proportional to the applied clamp
load, which when rigidly connected to the roadarm, translates into
a wheel damping force opposing roadarm rotation. Maximum pressure
and pressure rise rate are controlled by the relief valve and
internal orifice. When the roadarm returns, the spring loaded pump
and check valve resupply the hydraulic fluid in the control system.
The damper springs provide a nominal load on the disc pack for low
sgeed damping. The damper subcomponents are shown schematically in
Figure 2-4.

2.3.3 Structure

The final functional element of the ISU is the structural element.
Stress information gained from previous ISU design experience
contributed to the design of the major components of this medium
I1SU, Both classical and finite element techniques wers used to
assure the structural integrity of the unit. See CGT Design Report
for ISU Model 6KAl-AAV-01-~03, dated Septumber 1988 for these
results,

2.3.3.1 Leoad Criteria

All suapension unit components shall have adequate structural
integrity to withstand the various load conditions defined below
without permanent deformation, long-term durability failures, or

" extreme rupture, as applicable.

2.3,3.1.,1 Maximum Load conditions

Wheel Load, lbs (9g)

Load Condition Vertical Lateral
Static 7,200 (1 g) 0
Jounce 21,600 (3 qg) 0
Combined 21,600 +17,300
Max. Lateral +20,000
Max. Vertical 34,245 (proof)

2.3.3.2 Stress Apalysis

A classical stress analysils was performed for all major components
that might be affected by the forces exerted on the ISU assembly
during its operation, including a determination of minimum and
maximum strecses and fatlgue characteristics where deemed
necessary. A finite element analysis was completed for

11
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the initial roadarm design, roadarm spindle, torque cover, and end
cap. See the CGT Design Report for ISU Model 6KA1-AAV-01-03 for the
details of this analysis.

2.4 Environmental Effects

This hydropneumatic suspension design has been developed to
minimize the environmental impact on the integrity of the ISU
system,

2.4.1 Thermal

A gas spring's operational characteristics are affected by both
ambient temperatures while not in operation and by an increase in
the sysgam temperature from the damper during dynamic operation of
the vehicle.

2.4.1.1 Ambient

In accordance with the laws of thermodynamics, temperature hau a
significant impact on the nitrogen gas pressure in the spring
system. The gas pressure will increase or decrease as temperature
increases or dacreases, which will vary the force opposing the road
wheel load. The result will be a variation in the vehicle height
due to changes in temperature. optimizing the spring systenm
geometry will minimize this effect, but not eliminate it. The
results of a temperature sensitivity analysis performed for this
design shows that a $60°'F change will alter the vehicle height by
1 inch.

2.4.1.2 Qperational

Dynamic operation of the vehicle also impacts the nitrogen gas
spring due to the temperature increases. developed in the damper
section. Experience with testing performed on both the M1Al and
LVPTX~-12 vehicles has shown these effects to be minimal. During
testing at AVTB, ISU crankcase and body temperatures of only 160°
F were recorded on an 80° F day after several hours of cross
country operation. Temperature measurements of 170* F were
raecorded during testing at AGCC on a 120° F day after several
hours. This can be compared to temperatures of 400° F to 500° F
measured on the standard M1Al rotary shocks after vehicle
operation. Due to the large size of the ISU's frictional damper and
efficient heat transfer into the vehicle hull, temperature effects
due to dynamic operation of the unit have been minimized.

2.4.2 Corrosion

All necessary precautions will be followed to insure the protection
of the ISU from corrosion. These precautions include the
appropriate material selection, surface treatment, corrosion

13
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protection, priming, and painting as defined in standards:

MIL-HDBK=132A Protective Finishes for Metal and Wood
Surfaces

MIL-STD=-171D Finishing of Metal and Wood Surfaces

MIL~-STD«193K Painting Procedures and Marking for
Vehicles

Further, to minimize galvanic corrosion, components of +the ISU
exposed to saltwater were finished based on the guidance provided
in Table I of MIL-STD-171 to ensure the compatibility of mating
components made of dissimilar metals.

2.5 Ballistic Protaction

To establish the armor thickness requirad for protaection from a
7.62=-mm armor-piercing projectile at 0°* obliquity, a computer
program was used that was written by Cadillac Gage based on
published information from John Hopkins University and other
sources, including the Army Materials and Mechanics Research
Center. It was determined that a minimum thickness of 0.5-inch
4340 steel alloy armor was needed.

2.6 Maintenance

The ISU is designed to be easy to maintain by virtue of positioning
the damper charge valve, gas spring charge valve, and crankcase oil
filler plugs in locations that are accessible with the road wheel
installed on the unit.

The crankcase acts as a damper oil reservoir. 4“he damper fluid
need not be changed over the life cf the ISU, and will rarely, if
ever, require additional oil except in the case of unit damage.
The crankcase pressure can be checked using a tire pressure gage on
the damper charge valva located on the top of the crankcase. The
relief valve, incorporated as a precaution against over-pressure in

1@ crankcase, is self-cleaning and should not require servicing.

The gas spring is easily maintained and is designed for simple
service at & six-month interval. Inspection or adjustment of the
spring pre-charge is easily accomplished through the charging valve
located on the top of the roadarm near the end cap. Any need to
adjust the gas spring may be determined by changes in the vehicle
height and attitude. The Operation and Maintenance Manual for a
Hydropneumatic Suspension System, found in Appendix A, details the
maintenance procedures.

14



2.6.1 Charging cart

In order to perform any maintenance required on the in-arm units,
a charging cart consisting of two nitrogen-filled tanks, a pressure
bcoster and regulator, an oil tank, various hoses for oil and
nitrogen discharge, and a hydraulically-operated lifting arm for
vehicle removal and installation of the 1ISU's was built and
included as part of the HSS system. This cart was not optimized
for Marine Corps use with the test vehicle; it was, however, bullt
using commercially-available components and thus could be easily
redesigned per customer specifications. A photograph of the
charging cart is shown in Figure 2-5, Operational procedures are
found in the Operation and Maintenance Manual in Appendix A.

2.7 Unit and Svstem Welght

The actual weight of an individual, fluid-filled ISU, including the
Bradllz Fighting Vehicle (BFV) hub and spindle, is 285.0 pounds.
The welght of the 6K suspension system, which includes the support
rollers, mounting plates, jounce stops, torsion bar hole plugs, and
the twelve (12) ISUs, is 3,729.8 pounds. A weight=by=-component list
can be found in the CGT Design Report for ISU Model 6KAl-AAV-01-03,

3.0 FABRICATION AND LABORATORY TEST

3.1 Hardware Procurement and Assembly

3.1.1 Inspection

A source inspection was performed for all hardware with critical
dimensions. During the source inspection, material and material
process specifications were also reviewed.

3.1.2 Pre-assembly Preparation

The hardware was prepared for assembly per an assembly procedure
developed by Cadillac Gage Textron.

The first and most crucial step in the pre-assembly was the
deburring and cleaning step. Thae deburring process involved the
removal of all sharp edges left after fabrication throughout the
parts, concentrating on the damper and spring hydraulic sections.
Following this, the hardware was mechanically cleaned to remove any
grease or o0il used during shipment for rust prevention, and any
dirt or rust that may have accumulated during storage. The
components were chemically cleaned first in a wash tank filled
with a water-based socap solution, then with alcohol, and finally
dried with pressurized air.
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3.1.3 Unit Assembly

Final assembly was performed in the Clean Room, which maintains a
controlled atmosphere, regulating humidity and keeping airborne
dust particles to a minimum. The unit assembly was performed using
several specially designed and fabricated tools and fixtures. A
list and description of these is provided in Appendix B.

In the assembly process, several special tests and procedures were
developed to validate the assembly up to that point and facilitate
unit acceptance testing. The first of these special procedures was
the filling of the damper hydraulic cavity to eliminate entrapped
air which would lessen the system response. Upon completion of the
damper section assembly, the control system was then pressure
tested to validate the seals and identify potential leaks prior to
further assembly. Another in-process check was the evaluation of
roadarm rotational torque resistance after assembly onto the
spindle to check the crankcase seal installation. Excessively high
resistance might indicate a pinched seal, which could be easily
repaired at that time. A procedure was also developed to adjust
and properly preload the main bearings to obtain a consistent
setting and performance.

3.2 Laboratory Test

3.2.1 Acceptance Test Procedure

Each of the fourteen ISUs was acceptance tested per thae preliminary
Acceptance Test Procedure which appears in Appendix C. This
testing, done on a test stand that consists of a hydraulic actuator
controlled through a servovalve and electronic control box,
conaisted of proof and functional tests. A photograph of the test
cell is shown in Figure 3-1. In addition, each unit was endurance
tested for a total of ten (10) hours, which included the four hour
high pressure seal break-in period.

For proof testing, the units were filled with 2,400 cubic
centimeters (cc) of oil, and were pressurized to 18,000 pounds per
square inch (psi) for a total of five (5) minutes. The units were
then drained of 600 cc of oil for a total spring oil volume of
1,800 cc. For operational testing, the units were charged with
nitrogen to 3,100 psi, and the crankcases were charged to 50 psi.

A spring curve representative of the 6K units appears in Figure 3-
2. Typical spring and damper curves plotted during unit cycling
appear in Appendix D.
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3.2.2 Durability Testing

In addition to the above testing, one unit, S/N 16, underwent
durability testing on a laboratory test stand for a total of 310
hours, or an equivalent of 6,000 vehicle miles.

3.2.2.1 Ml Rotary Shock Qualification Tape

For durability testing, the M1l Rotary Shock Qualification Tape is
utilized. This magnetic tape was developed by recording number one
road wheel displacement with respect to the M1 hull versus time
during cross-country vehicle operation at the Chrysler (Chelsea)
Proving Grounds. . This motion was then converted to proportional
alectrical signals and recorded on a real-time basis onto the
magnetic tape. The magnetic tape itself was played into the
electronic control box which drives the hydraulic servo actuator on
the test stand. Thus, the actuator drives the ISU in response to
electrical signals from the tape, closely simulating actual bump
course load/stroke conditions. The 44-minute tape is automatically
replayed repeatedly for the duration of the durability test.

3.2.3 Iest Results

Each ISU successfully completed the acceptance testing performed.
During the course of the testing, the anomalies described below
were identified and resclved.

3.2.3.1 gconnecting Bar Pin Shear

Proof testing of the second and subsequent units resulted in the
occurrence of sheared connecting bar pins in the spring section of
the units. Because the failurea was occurring through the center of
the pin, where the highest 1loading was taking place, it was
determined that this problem was the result of the inadequacy of
the original material, 52100 steel alloy, to withstand the stresses
resulting from proof loading.

The problem was resolved by changing the material of the pins to an
alloy tool steel, AISI S7, over the steel alloy 52100 originally
used. For comparison, the yield strength and percent elongation for
the 52100 alloy is 240,000 psi and 3 percent respectively, while
for the AISI S7 tool steel, these values are 210,000 psi and 10
percent. The yield strength of the tool steel is equivalent, with
a much higher elongation. This combination makes the S7 steel much
tougher, and with the change of materials, no further problems were
seen with the pins.

3.2.3.2 Damper Retainer Bending

During the durability testing of the S/N 16 unit, it was discovered
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that the bolts in the damper retainer were shearing at the bolt
heads. It was determined that the bolts were being fatigued by
excessive bending of the cover. The other units were cycled on the
test stand and the same problem began occurring.

New damper retainers were fabricated with a .25-inch increase in
thickness over the original design and were installed on the units.
No further problems were seen.

3.2.3.3 Connecting Bar Bearing and Pump Cam Weax

Approximately half-way through the 310-hour durability test, the
S/N 16 unit was disassembled for inspection of critical components.
Wear areas were found on the inner surface of the fabric-lined
connecting bar bearings, which led to the conclusion that the
bearings were unable to withstand the loads being imposed on them.
Also found were wear indications on the pump cams in the form of
brinnelling and cracking of the cam faces. It was determined that
the cam material, especially the surface, was of an insufficient
strength and hardness to endure the loads from the pump.

Compariscn endurance tests were performed on two alternative
fabric-lined bearings. The bearings were cycled for more than 110
hours (200,000+ cycles) each in a test fixture designed to
replicate the loading seen during ISU operation. Inner diameter
neasurements were recorded before the test, and then at 50,000~
cycle intervals. A new bearing was chosen based which showed the
least amount of wear within the specified limit.

New pump cams ware fabricated using AISI A2 tool steel hardened to
58/63 Rockwell (Rc). This material has a yield strength of 210,000
psi at this hardness. 'In comparison, the original material, SAE
4140 steel alloy hardened tc 30/34 Rc, has a vield strength of
130,000 psi.

All of the ISU's were disassembled and were reassembled using the
new cams and connecting bar bearings. The system was then
reinstalled on the test vehicle.

Unit S/N 16 was again disassembled at the completion of the 310
hours, and the components were visually inspected. No other
problems were noted.

4.0 VZEICLE INSTALLATION AND FIELD TESTING

4.1 Vehicle Upweighting

The weight and center of gravity (CG) of the vehicle with the
original torsion bar suspension were calculated in the following
manner: the vehicle was driven over two I-beams for stabilization,
then each end of the I-beams were lifted with a hydraulic jack and
one of four 20,000~-1b. lcad cells were placed under each end of the
beams. A weight measurement was taken at each load cell; these
measurements were, in pounds, 10,584, 10398, 9,162, and 10,636,
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The summation of these weights, minus the weight of the beams at
1,275 pounds each, is 38,230 pounds, which is the total unloaded
vehicle weight. An illustration of the beam/load cell set-up is
shown in Figure 4-1.

_ Longitudinal measurements from the final drive to the locad cells
were used to calculate the ¢35 of the vehicle, which was found to be
188.4 inches. The method used to determine the CG is shown in
Appendix E.

3 Upweighting of the vehicle was done to bring the vehicle closer
i to the actual operating weight for installation and tuning of the
‘ hydropneumatic suspension system. This was accomplished by adding

five (5) stael ballast plates to the intarior of the vehicle,
placed up against the vehicle bulkhead (as far forward as ' .
possible). The weight of the plates equalled 10,090 pounds, for a
final vehicle weight of 48,320 pounds. The new CG was measured at
196.5 inches from the final drive.

The statement of work for the addition of the steel ballast plates
within the vehicle can be found in Appendix F.

4.2 VYehicle Installation

The torsion bar suspension was removed from the test vehicle and
welghed for reference. The original suspension mounting holes were
plugged and welded in place. Aluminum I-beams were welded

in place in the water jet tunnels to act as jounce stops for the
aft suspension units. The vehicle was then shipped to a machine
shop for machining of the mounting surfaces and bolt patterns in
preparation for installation of the ISUs. Skid plates were added
above the station 3 ISU on each side of the vehicle to prevent
interference between the track and the units during high track sag.
The units were installed on the vehicle with the aid of a charging
cart specially built for use during the planned vehicle testing,
and were charged to the pressures of Table I below. A modified hub
cap arrangement for the track support rollers was designed and
installed to avoid interference between the hub caps and track

guides.
Table 1I.
Unit Pressures
Station 1 & 2 Station 3-6
Spring, psi 3,100 1,500
Crankcase, psi 50 50
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4.3 Field Testing

4.3.1 Yehicle Instrumentation

To evaluate the ride performance of the vehicle with the standard
torsion bar suspension system and with the hydropneumatic systen,
the vehicle was instrumented prior to testing. A rate-integrating
gyroscope was placed in the vehicle to measure vehicle pitch, an
accelerometer was placed on the driver's seat to determine the
amount of vertical acceleration seen by the driver, and another
acceleromaeter was placed on the ballast plates to measure hull
motion at the CG. For testing of the vehicle with the
hydropneumatic suspension system, sensors were also added to
station 2 and 3 ISUs to measure damper pressure, roadarm position,
and crankcase oil temperatura.

4.3.1.1 Ride Meter

CGT constructed two ride meters intended to aid in evaluating
vehicle 1ide quality. The design philosophy was originally
developed by the U.S. Army Tank-Automotive Command (TACOM) several
years ago; the CGT ride meters used up-to~-date circuitry and
currently available components. The meters were to be considered
part of the vehicle instrumentation.

The function of the instrument is to accept an input signal from an
accelerometer mounted in the test vehicle, usually at the driver's
seat. The signal is first amplified, then processed by fregquency-
dependent.: shaping filters to provide information that is weighted
accordiny to human body sensitivity. This information is put
through a computation circuit network and the resulting cutput fed
to a digital volt meter along with the output of a timing circuit.
A selector switch at the meter allows the direct measurement of
peak acceleration, time duration of the run, and a value which is
the product of absorbed power and elapsed time during the run. A
manual calculation utilizing the latter two values provides the
average absorbed power experienced for the test run. An operational
specification for the meter appears in Appendix G.

4,3.2 Vehicle Tuning and Preliminary Test

In order to tune the newly-installed hydropneumatic suspension
system, test the instrumentation for proper response, and gather
preliminary performance data on the system, the vehicle was driven
through bump course runs of eight (8), ten (10), and twelve (12)
inch bumps at speeds of 2.5, 5, 7.5, 10, 12.5, and 15 miles per
hour (mph), and through a flat course at 18 and 22 mph at CGT's
Warren facility. A videotape of the runs was made and sent to DTRC.

24




4.3.2.1 pPreliminary Test Results

In the course of the preliminary vehicle performance testing,
several problems were identified and resolved. These are as
follows:

1. Rebound Stop Blocks

Problem: Roadarm and spindle mounted blocks being
sheared off during vehicle operation.

Solution: Pin blocks to mating structures. See Figure
4—2 .

2. Crankcase Relief Valves

Problam: Relief valve being damaged during vehicle
operation.

Solution; Design and install new relief valve adapter to
protect valve. See Figure 4-3.

3. High Pressure Seals

Broblem: Pre-formed seals allowing leakage of nitrogen

from the spring cavity to the crankcase.

To increase manufacturing efficiency, the
seals were pre-formed using a die rather than
machinad from polyimide bar stock, which was
the previocus procedure. It was discovered that
this pre-forming method decreased the density
of the seal.

Solution: Replace lower density pre-formed seals with
higher density machined seals.

After rebuild of the units to incorporate the above modifications,
they were installed back onto the vehicle and testing was continued
at CGT and then at a test facllity in Oxford, Michigan. Problems
with the vehicle power plant halted further testing at this
facility.

4.3.2.2 preliminary Vehicle Ride Data

Data was collected for driver's seat acceleration and vehicle pitch
versus time on course runs made with torsion bar suspension and
with the hydropneumatic suspension. Other parameters such as
acceleration at the vehicle CG and suspension position were not
accurately recorded during the course of the test runs due to
equipment trouble.
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Figures 4-4 and 4-5 show pitch and acceleration data plotted for
runs made with t-bar and hydropneumatic suspensions. Both runs
were made at fifteen (15) miles per hour (mph) over a discrete
obstacle course of bumps at eight, ten, and twelve inches,
respectively. In comparing the two sets of data, it can be seen
that the degree of vehicle pitch is less with the HSS than with the
t-bar system, especially negative pitch (vehicle going nose-down
upon landing after a bump). There is a significant amount .

of difference between the data curves when comparing the data for
the twelve-inch bump, with the vehicle reaching a positive pitch
of ten (10) degrees and a negative pitch of eight (8) degrees with
the t~bar system, in comparison with 5 degrees both positive and
negative with the ISU system. This difference is due to the

fact that the ISU will attempt to swallow bumps shorter than its
wheel travel (the eight and ten inch bumps), and will try to lift
the vehicle over bumps of equal or greater height than its wheel
travel (the twelvae inch bump).

Also plectted was the acceleration, in g's, seen at the driver's
seat, The vehicle axperienced peak g's of two (2) at the second
bump and more than four (4) at the third bump of the course with
the t-bar system, while the peak g's recorded for the ISU system
over these bumps were 1.5.

Figure 4«6 is a summary plot of the peak g's for both the t-bar and
the ISU systems at vehicle speeds of 5 to 20 mph. It can be seen
that the ISU system provides a marked improvement over the t-bar
system. Figure 4-7 is a plot of average absorbed power versus speed
for the t~bar and ISU systems. This comparison also shows a
significant improvement in vehicle ride with the hydropneumatic
suspension system. This improvement is particularly enhancnd at
higher vehicle spsads.

4.3.3 Vehicle Field Testing

4.3.3.1 Advanced Demonstration Test Plun

The Test Plan for a Hydropneumatic Suspension System Mounted con an
Assault Amphibian Vehicle, prepared by the David Taylor Research
Center (DTRC), outlines the plan that the test vehicle was to
undergo. This plan, which can be found in Appendix H, calls for an
accumulation of 6,000 miles of operation through a normal vehicle
profile (20% water operation, 80% land operation), which is
equivalent to one life cycle. The test plan also attempted to
establish the performance capabilities of the hydropneumatic
system. According to the plan, the following types of tests were
conducted at the Amphibian Vehicle Test Branch (AVTB), Camp
Pendleton, California. Hot weather testing was conducted at Twenty-
Nine Palms, California.

- Ride Quality
- Cross Country Test Course
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Amphibious Compatibility
Vehicle Handling Comparison
Baseline Vehicle Requirements
Design Requirements

RAM~-D Tests

Towing Test

4.3.3.2 Tegt Regults

The hydropneumatic suspension system (HSS) test vehicle
successfully completed the following Phase la performance tests at
vehicle weights of 53,500 lbs. and 59,100 lbs.:

Amphibious Compatibility

Vehicle Handling Comparison Tests
Baseline Vehicle Requirements
Slope Negotiation

Pivot Steering

Towing Tests

In addition, 75 miles of RAM-D testing was accunmulated. Only 150
miles of cross-country hot weather testing (Phase 1b) were
completed because of the low incidence of 100°F temperatures. An
AVTB summary sheet of testing completed appears in Figure 4-8.

The basic scope of work and field support were completed as of 1
Novenber 1999,

A Test Report has been submitted by AVIB to the Program Office
(Direct Reporting Program Manager - Advanced Amphibious Assault) in
January 1991. Findings from that report are not reflected in this
document, due to unavailability of the report.

4.3.3.2.1 problem Identification and Analvgis

Initial vehicle field testing revealed the following problems : 1.
ISU damper '"hang-up", 2. Vehicle height and attitude affected by
shifts in vehicle weight and C¢ lecation, 3. Unit torque cover
bolts loosening during operation, 4. Crankcase dust seal failures,
5. Spindle-to-hull torque pins backing out of the spindle flange,
and 6. Corrosion of charging ports and drain plugs. These are
discussed in the sections below.

4.3.3.2.1.1 Dampexr "Hang-up®

buring operations such as trench crossings, it was noticed that the
ISU danpers were "hanging up" after going into the jounce position.
Further investigation revealed that the internal hydraulic system
of the ISU associatad with tha friction damper was not bleeding off
rapidly enough after actuation to allow the roadwheels to drop
quickly and maintain contact with the track. This occurrence
restricted vehicle trench crossing. To facilitate damper bleed-off,
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relief valve clearances in the ISU's were increased from .0001 to
.0028 inch. No further occurrences were noted, and the vehicle was
able perform trench crossings without difficulty.

4.3.3.2.1.2 Vehicle Height and Attitude

Because the AAV7Al vehicle is a cargo and troop carrying vehicle,
large changes in vehicle weight and CG location are seen. During
testing, this resulted in varying track tension and ground
clearances, and impaired ride quality. See Appendix H for actual
vehicle weights and corresponding CG's and ground clearances. To
compensate for the weight changes, the rear station (3-6) ISU
springs wera stiffened by the addition of 300 cubic centimeters of
oil. Charging pressures were not changed.

The stiffer rear springs improved the vehicle weight shift/ground
clearance situation, but did not eliminate the problem. It was
decided that two weights only would be used to complete the
testing: 53,500 and 59,100 pounds. The Vehicle Test Plan was
revised hy DTRC to reflect this change. New load calculations
were performed for the suspension system based on an average of
these two weights. The spring charging values computed and
subsequently used for the remainder of the testing were: 3,245 psi
for Stations 1 and 2, and 1,975 psi for Stations 3 through 6.

4.3.3.2.1.3 Torgue Cover Bolts

Loose torgque cover bolts were an on-going occurrence during the
course of the field testing. This was cazusad by the amount of
flexing that the ISU's were undergoing. In an attempt to alleviate
the problem, the bolts were fitted with lock tabs, but these did
not have a significant effect. The proposed solution, to be
incorporatad into the subsequent FSD ISU design, 1is to provide
larger bolts, a thicker torque cover, and more material in the area
to give a stiffer roadarm.

4.3.3.2.1.4 Crankcase Dust Seal Failures

Another recurring problem with the HSS during the testing was the
leakage of oil and the subsequent loss of spring and crankcase
pressures. Early on, it was found during unit disassembly and
repair that dirt and sand were getting past the crankcase dust
seals and into the ISUs. The saltwater/sand environment that the
vehicle was being expnsed to was the initial cause of the seal
failures. The salt corroded the steel sealing surface, introducing
rust and pits, and thus creating a leak path for contamination to
enter the crankcase of the IS!/, Also, the oscillatory imovement of
the seal over the corroded surface accelerated the seal wear, which
served to aid in allowing further contamination in. Eventually, the
high pressure seals in the spring were contaminated, resulting in
the spring's inability to hold a charge. Because a more successful
seal configuration had not been found at the time, the repair of
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the units consisted of cleaning and resurfacing the crankcase seal
area, and installing new seals of the same configuration. A Failure
Analysis Report describing an incident of this type typical of
those found during field testing can be found in Appendix I.

4.3.3.2.1.5 Spindle-to-Hull Torque Pins

Near the completion of the testing program, it was noted that the
spindle-to-hull torgue pin had begun to back out of the spindle
flange in at least four (4) of the units. As with the loosening of
the torque cover bolts, this was attributed to unit flexing during
operation. A proposed solution is to utilize stepped pins.

4.3.3.2.1.6 charaing Port and Drain Plug Corrogion

It was also noted near the completion of testing that the charging
valve protection plugs and drain plugs in the units had rusted and
corroded, making it difficult to access these ports. The proposed
soluticn to this problem is to use stainless steel valves, valve
covers and plugs, and to incorporate o-ring seals into the covers
and plugs that don't already use them.

4.3.3.2.1.7 Qther Areag of concexrn

During the course of the testing, DTRC and AVTB personnel
identified several areas relating to the suspension system that
warranted additional investigation. These were noted and are listed
below:

- Short-tracking ability

- Removable wheel spindle

- Installation by a vehicle crew of 3
- Fieldable charging cart

- "Dog=-bone" type road arm lifter

CGT has analyzed the feasibility of these items and has concluded
that their accommodation does not present any major technical
problems. These would be examined in further detail during the
subsequent FSD design phase.

4.3.3.2.2 Proposed Improvements

Cadillac Gage has proposed several practical solutiens to the
problems encountered during the field testing for implementation
into the current hardware. In additien, CGT has expended
considerable effort in developing a modified 6K ISU design
incorporating vehicle height/attitude maintenance and the choice of
two proposed crankcase dust seal designs, This modified unit
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design is suggested for implementation into follow-on programs.
The modifications for both current and future hardware are
described in the following sections.

4.3.3.2.2.1 Yehicle Weight Chande

Four different solutions to the weight shift/ground clearance
problem have been proposed. Two of these can be implemented into
existing hardware but dc not completaely correct the ground
clearance situation. The third and fourth changes most completely
address the problem, giving HSS configurations that comfortably
meets the ground clearance requirements under a wide range of
vehicle waeights and CG's. The third proposed modification involves
changing the internal gaeometry of the ISU. The fourth solution is
the addition of a height maintenance system into the HSS.
Therafore, thaese latter two proposals are designed for
implemcntation into future systems.

For a good vehicle ride, the spring rate of the ISU should be low,
or around ona (1) cycle per second, at the static ride position.
In tuning the systam when originally installed on the vehicle, the
tendency was toward ride performance, and therefore the rear
springs were set up soft. This setup, however, was ineffective for
maintaining the desired ground clearances when the GVW was varied;
to accommodate this situation, the spring rate should be very high.
The first solution increases the spring rate in the rear springs
by adding oil to the ISUs, thus enabling these 1SUs to operate at
a higher spring rate and peak pressure. Also, the amount of jounce
travel 1is reduced and the range of operation is shifted toward
rebound as much as possible to increase the load slope. This
solution, the easiest to implement, gives the differential ground
clearance range desired but not at the correct position, and
compromises vehicle ride. This modification was the course of
action taken to complete the vehicle field testing at AVTB.

The second solutlon modifies the ISUs at stations 4 and 5 only,
with the implementation of a grease-cperated piston. This
adaptation, which operates in a method similar to that used in a
track tensioning system, provides ISUs so equipped with the ability
to change their spring rates by changing the position of the
piston. Figure 4-9 shows a cross-section of the ISU spring with a
grease-operated piston. Figure 4-10 shows a comparison batween
achievable adiabatic spring rates.

The third solution involves lengthening the roadarm and modifying
the ISU's internal geometry: the difference in roadarm length can
be seen in the sketch shown in Figure 4-11. The system is mounted
lower on the vehicle hull and road wheel spacing is rearranged,
which is shown in Figure 4=-12. These changes allow for an improved
spring rata to accommodate vehicle weight shifts while maintaining
desired jounce and rebound travel, additional space on the hull for
an increased number and size of return rollers,
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and lower trailing arm angles for improved vehicle handling and
mobility. Figure 4-13 shows a comparison between the current and
the improved adiabatic spring curves. Also, the improved load
curve would make breaking track easier for repairs and maintenance.
These changes can easily be implemented into follow-on production
systems,

The fourth proposed solution is the addition of a height
maintenance control system into the spring of the HSS. This system
changes the volume of oil in the roadarm to compress the gas volume
as required to maintain the static height/attitude of the vehicle
relative to the terrain. This is accomplished with the use of a
cam-operated control valve, a mechanical drive fror the rocadarm to
the cam, and a connection to the roadarm from a fluid separator.
Vehicle hydraulic power is used to supply the height maintenance
syatem. This system enables the crew to set the suspension system
to a predeternined ground clearance, to resst the vehicle to the
initial ground cleararice for changed gross vehicle weight, location
of CG, and ambient temperature, to replace damaged suspension
units, and to permit a nose down attitude when in hull defilade.
Like the grease-oparatad piston proposal, the incorporation of the
height maintenance system into the HS8S configuration could also be
accomplished during the course of a follow=on contract.

4.3.3.2.2.2 grankcasge Seals

Cadillac Gage has continued its test and development of crankcase
dust seals, A custom design currently being tested has to date
conpleted the equivalant of over 4,000 miles of operation, with no
sign of leakage. In addition, the wear resistance of the mating
roadarm surface has been increased through the use of an alternate
material, heat treatment, and surface coating. This surface has
also been made removable to allow for replacement if required. To
further increase overall dust seal life, a pre-scraper has been
incorporated into the configuration to prevent direct contact
betwean dirt and water and the dust ceal. CG1 is confident that
this design, which can be retrofitted into existing 6K hardward,
will successfully fulfill the 6,000-mile minimum neal system
requlremant.

An off-the~shelf seal consisting of two high alloy, corrosion
resistant steel rings, and two opposed Belleville washers made of
nitrile elastomer has been incorporated intc the modified 6K
design. The two steel rings are precision-lapped and mated: the
mating ring rotates against the stationary ring to crmate a leak-
proof seal. The surfaces are pressed togethar by the Belleville
washers, which provide uniform face loading and sealing at the
inner and outer diameters. This configuration is similar to seals
currently used in the roadwheel hubs and roadarms on the P=7
vehicle. Because ¢f the increased space claim required for this
ssal, it has been planned for use in future hardwara.
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4.3.3.2.2.3 Torque Cover Bolts

The loosening of the bolts in the torque cover occurred because of
excessive bending and flexing of the roadarm relative to the cover.
The solution to this problem involves an increase .f material in
this area to stiffen the roadarm, with the addition of a thicker
torgque cover and larger bolts.

4.3.3.2.2.4 Spindle-to-Hull Pins

The backing out of the torque pins occurred because of flexing of
the spindle relative to the vehicle hull. The utilization of
either stepped pins or a blind torque pin hole would alleviate this
problem. .

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 conclusion

The 6K hydropneumatic suspension system successfully fulfilled the
objective ot providing a system which improved ride characteristics
and increased interior volume for the AAV-=7Al1 vehicle. Subsegquent
vehicle field testing in a sea water/sand environment provided test
conditions not available in a laboratory situation, and revealed
areas in the system where improvements and modifications were
necessary. The implementation of these modifications, which have
been ocutlined and discussed in the above sections, coupled with the
appropriate field testing, would ultimately provide the Marine
Corps with a reliable, durable, and easily-maintainable
hydropneumztic suspension system.

5.2 Recommendations

It is CGT's recommendation that the Marine Corps continue its
evaluation of the hydropneumatic suspension system. This would
include providing support for the incorporation of the suggested
modifications into the existing prototype system to eliminate
anocmalies discovered during field testing, and then continuing with
testing at AVIB to accumulate the remainder of the RAM-D mileage
originally cited in the Vehicle Teat Plan. The release of the 6K
Full Scale Development (FSD) Request for Proposal (RFP) would be
contingent upon the successful completion of the testing. The

modifications incorporated into the FSD design address the issues

noted below:
- Track replacement and short-tracking would be much
easiar to accomplish due to the improved unit geometry
and spring rate.

- The use of improved crankcase seals would eliminate
extsrnal leakage and internal contamination, thus
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alleviating spring-to-crankcase nitrogen leaking.

- Vehicle weight shifts would ke accomodated with the
improved unit geometry and spring rate.

= A fieldable charging cart and "dog-bone" type rocad arm
lifter would allow for easy maintenance.

= Increased éize and number of support rollers would
reduce wear on these components, thus allowing for
increased track support.

This effort would result in an external suspension system that
would greatly enhance the performance characteristics of the AAV=-
7AL vehicle, as well as benefit the entire Advanced Assault
Amphibious Vehicle (AAAV) program.
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1.1 INTRODUCTION

15 ' Under the terms of David Taylor Research Center (DTRC) Contract NOO167-
" 88-C-0024, Cadiilac Gage Textron (CGT) has supplied to the United States
Marine Corps at Camp Pendelton, California a Hydropneumatic Suspension
. System (HSS) installed on a Government furnished P-7 Amphibious Assault
1 Vehicle (Figure 1-1). The modified vehicle is scheduled for performance
and endurance testing by the Marine Corps in the near future. This
testing will be supported under contract by technical personnel of CGT.

This manual i{s {intended to provide sufficient information to allow
Marine Corp personnel to operate and maintain the suspension system
during the lengthy test program scheduled. A suggested maintenance
philosophy and schedule for checking of gas pressures and o1l levels in
the suspension units and the removal and replacement of roadwheels,
hubs, track rollers and suspension units will be covered in detail.
Information concerning auxiliary maintenance support equipment supplied
with the vehicle is also provided.

Repair and overhaul of the individual suspension units (Figure 1-2) will
not be covered as CGT is committed to perform with its own personnel and
facility any work of this type that might be necessary during the course
of the test program.

2.1 THE HYDROPNEUMATIC SUSPENSION SYSTEM

In the typical tracked vehicle the weight of the hull is supported by a
group of road wheels (typically from 5 to 7 per vehicle side) which
directly engage the track and which are attached to the hull through a
mechanical spring system. The spring system allows vertical motion of
the hull relative to the ¢ Jund while supporting its wetyht at an
average nominal height above the ground. More often than not, the
spring will be of rotary torsion bar configuration with the bar being
arranged transversely across the vehicle hull and anchored near the side
of the hull opposite the desired spring motion. For at least some, {f
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not all, of the sprung wheel stations there will typically be provided
some form of damping to force motion of the selected system to damp out
quickly after terrain inputs. This damping may be in either viscous or
frictional form.

The HSS is no different philosophically than the mechanical system Jjust
described. The primary physical difference comes about in the method of
achieving the spring characteristic which supports the hull with respect

: to the roadwheel set. 1t also differs from traditional suspension
hardware in that the desired damping is integrally incorporated into the
suspension unit as opposed to existing in the form of a separate "shock
absorber*,

Figure 2-1 will be of assistance in understanding the operation of the
specific suspension system under discussion here. The figure is a side
elevation cross section of one of the individual suspension units used
on the P-7 vehicle. A1l twelve (12) units installed are functionally
fdentical, differing only in their assigned pre-charge pressures as a
function of their location on the vehicle.

The suspension unit 1s rigidly attached to the hull by mounting bolts
inserted through the mounting flange of the spindle (1). A pair of
large roller bearings (2) rotatably support the roadarm (3) with respect
to the spindle and the roadarm is thus free to rotate in the plane of
the drawing as shown. The roadwheel (4) (shown here only in phantom) is
rotatably attached to the roadarm in turn by means of a wheel spindle
not seen in this section, but located at (5). As a result, any external
load applied to the roadwheel will be transmitted directly to the road
arm through the wheel spindle. A sealing piston (6) floated in a
cylindrical bore of the roadarm is attached by means of a connecting bar

II (7) to a pivot point (8) The pivot point {is integral with the ¢pindle
’ (1) and thus 1is stationary with respect to the vehicle hull at all
~ times., This being the case, forced rotation of roadarm (3) about
ll bearing sat (2) causes relative motion of the piston in its bore and an
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attendant change in the volume of chamber (9). Rotation of the roadarm
in the counter clockwise direction causes volume (9) to be reduced.
Similarly, rotation in the clockwise direction causes this volume to be
expanded. VYolume (9) is in turn connected by a passage (10) to volume
(11). In operation, volume (9) is entirely filled with 1iquid. Volume
(11) 1s partially filled with 1iquid at its Tower right end while the
remaining upper portion of the volume 1s fi1led with nitrogen gas.

The 011 contained within the chamber area is relatively incompressible,
but the nitrogen gas i{s not. Rotation of the roadarm therefore causes a
large percentage change in the volume of the nitrogen gas while leaving
the fluid volume relatively unaffected. The result is a dramatically
changing pressure as a function of arm rotation within the chamber area.
This variable pressure is directly appliied to the piston and this in
turn produces a variable torque at the roadarm. The roadarm, then,
appears to be driven by a spring just as if it were used in conjunction
with a torsion bar, except that the spring action is developed by virtue
of compressibiiity of a gas rather than by the stress developed in the
torsion bar,

- It can be seen that the load produced at any point in the rotation of

the roadarm can be altered by changing tha pressure in the gas chamber
at that location. Further, the slope or rate of the spring can be
modified by changing the volume of fluid in the chambers and thus
altering the compression ratio of the nitrogen gas. Changing the pre-
load by changing the pressure is somewhat analogous to ‘'clocking" the
initial pre-load point of the torsion bar. Changing the rate of the
spring by altering the fluid volume is equivalent to changing the length
and/or diameter of the torsion bar, although such a change to the
torsion bar is rarely done 1in practice due to practical physical
restrictions.

The damping mechanism of the suspension unit can be seen in Figure 2-2,
an end elevation cross section. A series of { lction discs (1) form the
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basic damping element. The discs are so arranged that one is externally
splined so as to remain rotationally stationary with respect the
suspension unit spindle, the next internally splined so as to rotate
with the roadarm. The third s, 1ike the first, fixed t *he spindle,
and so on. A normal force is applied to the stack and ti  provides
damping friction to oppose relative rotation of the spindle and roadarm.
A large degree of versatility in the damping characteristics {s made
possible by utilizing a hydraulic means to apply the normal force to the
friction discs. This {s done by the application Jf hydraulic pressure
to toroidal piston (2), forcing it against the plates, The pressura is
developed through the action of piston pump (3) 9installed in the
stationary spindle. The piston pump is driven by cam (4) which is
mounted to the roadarm and rotates with {t. By controlling the:
position, rise rate and dwell of the cam as well as the peak praessure
developed in the pump by means of a relief valve, it is possible to
provide an almost endless variety of damping characteristics in the
suspension unit. The characteristic currently used is the result of an
extensive amount of operational experience with the test vehicle. As
earlier mentioned, all twelve (12) suspansion units provided with the
vehicle are functionally i{dentical and in consequence all stations
exhibit the damped characteristic.

Since the HSS uses high pressure nitrogen gas as well as hydraulic fluid
in 1ts operation, it follows that some form of unusual maintenance
support equipment must be required. This is indeed the case and CGT has
supplied with the vehicle a charging cart which makes available means to
add high and low pressure gas as well as clean fluid to the suspension
units and to check the pressures in their chambers. Provision is also
made on the cart to 1ift and handle the suspension units during removal
and replacement operations. In addition, a roadwheel jack specifically
adapted to the physical characteristics of the suspension units has been
included with the equipment shipped with the vehicle, These items will
be discussed in detail in a later section.
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3.1 MAINTENANCE PHILOSOPHY

The HSS has been designed for long service iife and may be expected to
equal or exceed the endurance characteristic of the vehicle {tself in
terns of operational time between major overhauls. The design of the
individual suspension components {is such that very 1ittle routine
maintenance s required or indeed even possible. The suspension units
are totally enclosed and sealed so that fluid levels within the units
are axpected to require no maintenance for the 1ife of the units between
overhauls. Some minor loss of nitrogen gas may be expected over time
and it is in this area alone that routine maintenance can and will be
performed.

Each suspension unit contains two distinct sections where specific
volumes of fiuid and pressures of gas are maintained. As the total
volumes in these two areas change as a function of roadarm position (one
rises as the other falls), it is necessary to define a particular
position at which measurements are made. This position is known as the
"static" position of the roadarm and it corresponds to that position
achieved when the suspension unit {s functioning on the vehicle at
normal vehicle height. In the case of the HSS equipped P-7, standard
ground clearance has been established as 17 inches and suspension unit
"gtatic" position corresponds to this height.

At the static position, the crank case of the suspension unit {s filled
to its horizontal cénter iine with fluid and topped off with a low
pressure charge of dry nitrogen to assist in excluding dust and dirt

from the unit. A nominal charge of 60 psi at a standard temperature
condition of 70°F 1s usually used. The fluid in the crank case serves
saveral purposes. It forms the ieservoir source for the piston pump
which supplies fluid pressure to load the friction disk assembly to
achieve damping in the unit. It acts as a lubricant for the friction
disks themselves. It further acts as a lubricant for the major roller
bearings which mount the roadarm to the spindle. The fluid itself can
be expected to l1ast the overhaul 1ife of the unit and should require no




replenishment during that time. Any substantial extaernal leakage which
depletes the level of the crank case oil should be considered as a
failure requiring suspension unit repair. Note that a relief valve is
utilized as an emergency overflow device for the crank case and that
under conditions of severe temperature change and vehicle usage, it is
remotely possible that small amounts of fluid leakage may occur at the
relfef valve, which is positioned at the center of the front cover of
the suspension unit. Minor amounts of leakage so witnessed under
extreme conditions and later disappearing when conditions become less
severe can be discounted as presenting no cause for concern.

The high pressure chamber of the suspension unit is charged at original
assembly with a quantity of oil depandent upon the desired spring
characteristic of the unit. A nitrogen gas charge 1s then placed on top
of this oi1 charge at 1installation. The pressure level of this gas
charge is dependent upon the vehicle weight and center of gravity (CG)
location. As with the crank case, the oil content of the high pressure
chamber may be expected to remain stable for the overhaul life of tre
suspension unit and no maintenance in this regard is required. Some
minor amounts of gas leakage may be anticipated and it can be
occasionally necessary to top off the gas charge.

The HSS equipped P-7 vehicle, as shipped by CGT and ballasted with
materials supplied by DTRC, weighed in at just about 50,000 pounds, with
full fuel load. Corner weight measurements showed the CG at 96.0 inches
behind the final drive (Station 196.0). For this weight and CG
condition, calculations showed the proper values of pre-charge for the
suspension units at static condition to be:

Stations | & 2 (each side of the vehicle) 3,000 psi
Stations 3, 4, 5, 6 (each side of the vehicle) 1,750 psi
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These pre-charge pressures correspond to a vehicle height of 17 inches
and these were the prassures that were used when the vehicle was
shipped. It should be realized that any large and relatively permunent
change to vehicle weight and CG loca.ion should probably be accompanied
by an equivalent modification to unit pre-charge pressures. These can
be easily calculated for any given case. This is not to imply that a
change in static pressure is necessary for every alteration in weight
and CG any more than would be the case with torsion bar suspensien. As
will become apparent with experience, corsiderable changes in weight and
CG Tocations can be accommodated without significant attitude change in
the vehicle.

3.2 MAINTENANCE SCHEDULE

The following is suggested as a maintenance schedule for the P-7 vehicle
equipped with hydropneumatic suspension:

3.2.1 Daily, or before vehicle use:

3.2.1.1 Visually check for evidence of leakage at each suspension
unit. If leakage is noted, clean up the area and continue to
observe the unit for signs of ongoing leakage. Continued
evidence of leakage should be considered as cause to remove
the suspension unit for depot service.

3.2.1.2 Establish convenient locations on the vehicle to check for
height at each of the four corners corresponding to a hull
clearance of 17 inches on lavel ground. Bring %he vehicle to
a free rolling stop and check vehicle attitude by scaling the
previously estahlished locations. If height 1s out of
specification by more than 1" at any corner, check for “weak"
suspension unit by 1ifting with a track bar, If an obviously
defective wunit 1s noted, replace at first opportunity.
Otherwise, perform the tasts of 3.2.2 at the earliest
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3.2.2

reasonable opportunity to establish the cause of the out-of-
Tevel condition,

Semi-annually, or at 509 hour operating intervals, perform a
check per 3.2.2.i1, 3.2.2.2 and 3.2.2.3.

The requirements of 3.2.2 must be porformo& with vehicle
located on flat terrain and with the hull situated at the
specified 17 Inch ground clearance. If necessary, Jjacking
must be used to accomplished this condition. In addition, the
vehicie must be 1idle for at least 8 hours to allow
temperatures to stabilize and to minimize foaming before the
pressure checks are made. |

Gas pressures in crank case and high pressure chambers will
necessarily change as a function of ambient temperature. The
following table may be used as a correction factor on the
pressures checked in 3.2.2.1.

AMBIENT TEMP. °F MULTIPLE REQUIRED PRESSURE BY
-20° 0.830
-10° 0.849

0° 0.868
10° 0.887
20° 0.906
30° 0.925
40° 0.943
50° 0.962
60° 0.981
70° 1.000
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3.2.2.1

3.2.2.2

3.2.2.3

AHBIENT TEMP, °F: ] RE BY:
80° 1.019
90° 1.038
100* 1.087
110° 1.075
120° 1.094

Check static gas spring pressure at each suspansion unit per
procedure of 5.1. If any are found to be more than 5% outside
the prescribed value, re-charge to the proper level per the
procedura., A varifation from the required pressure of more
than 20% should be considered as cause to remove the
suspension unit for depot service.

Check crankcase fluid level in all suspension units per method
described in Section 5.2.

Charge crankcase pressures in all suspension units per method
described in Section 5.3.

4.1 CHARGING CART/ROADWHEEL JACK

The charging cart (Figure 4-1) provided with the HSS equipped P-7
vehicle 1s designed to provide several features in terms of maintaining
the suspension system:

- A means of checking and replenishing the high pressure gas supply
in the suspension unit spring chamber.

- A means of checking and replenisring the low pressure gas supply in
the suspension unit crank case.

11
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- A means to provide clean, filtered fluid for replenishment of
spring and crankcase of the suspension unit in the event of minor
overhaul,

. A 1ifting means to assist in the removal and replacement of
suspension units from the vehicle hull.

The charging cart is based upon a commercially available steel mill cart
of 30 inch x 60 inch platform dimension utilizing pneumatic tires and a
steerable tongue at the front of the cart. Mounted on the cart bed are
a pair of channels suitable for accommodating two high pressure gas
tanks which rest in a near horizontal position. On the center of the
bad is an anchor for a hydraulic cylinder, the movable end of which
attaches to a 1ift frame pivoted near the rear end of the cart bed.
Longitudinally mounted on this 1ift frame is a s1idable tongue. Motion
of the cylinder provides a vertical 1ift at the end of the tongue, which
is supplied with a bolt to ba u.¢d in conjunction with a 11fting eye. A
manually operated hydraulic pump mounted above one of the cylinders
provides the motive power to operate the 1i1ft cylinder,

The upper superstructure which mounts the manual pump also makes
provision for a large storage box with removable cover. This box
contains the necessary hoses and instrumentation for the operation of
the charging cart. At one side of the box is mounted an air operated
gas booster assembly whose function is to accept gas from the nitrogen
tanks and boost the pressure of the gas to a level suitable for entry
into the suspension unit spring. Above the booster is mounted a low
pressure gas regulator which serves to provide gas to the suspension
unit crank case and to pressurize the oi1 supply to make fluid available
for replenishment of spring and crankcase in the event of minor
overhaul.

The terminations of the three hoses contatned in the storage box may be
seen in Figure 4-2, The leftmost termination is that for low pressure
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nitrogen gas. The center hose terminates in a spigot which is used to
supply filtered o1l under low pressure. The right hose is for high
pressure nitrogen gas and includes a check valve to prevent gas from the
suspension unit from having to fi11 the whole hose when a pressure check
is made. In addition, a manually operated hand valve can be used to
save the gas stored in the necessarily long supply hose while the hose
termination is being moved from one site to another. The tee connection
into the huse termination of this line connects a pressure transducer
which, in conjunction with the appropriate conditioning equipment, is
used to check high pressure gas level. Figure 4.3 shows the remainder
of the pressure testing equipment which is contained in a steel storage
box, normally stowed with the hoses on the charge cart. This box
contains a battery oparated strain gage transducer conditioner with
integral read out and a separate charger for the conditioner battery.
Also inciuded {s a cable to make the interconnection between conditioner
and transducer.

The roadwheel Jjack supplied with the HSS equipped P-7 is simply a
modification of a commercially available hydraulic jack assembly (Figure
4-4) with remote pump (Figure 4-5) facility. The hydraulic jack fis
adapted with a lower end fitting to alluw it to stand on the vehicle
track. The upper end is adapted to cradle the end of the suspension
unit roadarm. A separate riser block is used to 1ift the roadwheel
through the considerable height necessary to clear the track guides
prior to application of the cylinder. The cylinder and pump are then
used to raise the wheel slightly more and allow removal of the
roadwheels. The cylinder generates sufficient thrust to easily overcome

. the suspension unit gas spring and roadwheel and hub assemblies can

therefore readily be changed without discharging the suspension units.

4.2 PREPARING THE CHARGE CART FOR OPERATION

4,2.1 Place a3 charged tank of dry nitrogen on one of the rails
provided on the bed surface of the charge cart. (A second

13
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4.2.2

4.2.3

4.2.4

4.2.0

4.2.6

4.2.7

4.2.8

4.2.9

rail is provided to allow storage of an optional nitrogen tank
for future use.)

Connect the flexible gas inlet hose to the nitrogen tank
outlet fitting and fasten securely.

Open the nitrogen tank hand valve. The tank pressure will
register on the right hand gauge of the raegulator above the
air booster.

Connect a shop air supply hose (nominal 100 psi) to the air
intake fitting Just to the left of the gas ragulator. Make
sure the hand operated needle valve associated with this
fitting is closed before connacting the air supply.

Remove the pressure transducer conditioning amplifier and
associated interconnecting cable from their storage box.

Make appropriate connections of the interconnacting cable at
the rear of the conditioner box and at the pressure transducer
situated at the end of the high pressure hose.

Check battery condition of the conditioner by turning the

control knob on the front panel fully counter-clockwise to the
BATTERY CHECK position. Turn the panel power switch ON. The
meter reading should always be above 800 for proper operation
of the system., (See equipment manual in appendix for charging
instructions.) Typical reading at full battery charge will be
something above 1200,

Rotate the contrel switch on the front panel of the
conditioner clockwise to Channel 1. Make sure no prassure is
seen at the pressure transducer by bleading off any excess
through the fitting at the end of the hose. The panel reading
should now be "O". If not, adjust the 2ero potentiometer on
the front of the panel until the meter does read "0".

Depress the CAL button located on the front of the instrument
panel. The reading should now be 366 or 367. If this {s not
the case, adjust the span adjust for Channel 1 until it is,

14




4.2.10 Re-run steps 4.2.8 and 4.2.9 until the conditions specified in
both steps ars met without further adjustment.

4.2.11 Turn the pressure regulator control knob clockwise until the
left hand gauge reads 60 p3i.

The charge cart is now ready for operation,

5.1 CHECKING THE SPRING GAS CHARGE

Make sure that the vehicle 1s at the prescribed 17 inch ground clearance
level. Use jack stands, if necessary, to control the height. Move the
charging cart (prepared as indicated in Section 4.2 for operation) to

.within comfortable working proximity of the suspension unit to be
checked. Then proceed through the following steps:

VR By TS Iy TS 2

5.1.1 Refer to the section view of the suspension unit roadarm
designated Figure 8-1, Carefully clean the area around the
charging valve cover (1).

5.1.2 Remove two screws (2) and remove the charging valve cover from
the roadarm.

5.1.3 Carefully clean the area surrounding the charge valve (3) and
the bleed plug (4).

5.1.4 Remove the bleed plug from the roadarm and insert the straight
thread end of the flared union (1/4" 37 deg., flare to 1/4"
straight thread) provided. WARNING: Do NOT substitue brass

"or copper fittings in this high pressure application.

5.1.5 Connect the end fitting nut of the charge cart high pressure
hose to the flared end of the union just installed in the
roadarn.

5.1.6 Make sure the hand valve installed in the high pressure hose
1s closed (clockwise).

5.1.7 Open the charge valve (3) by turning it counter clockwise one-
half turn.
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5'1'8

5.1.9

5.1.10

5.1.11

5.1.12

5.1.13

Observe the pressure now registered on the pressure transducer
conditioning instrument. NOTE: The numerals shown will
represent one-tenth of the actual pressure. For oxample,
2,560 pst will read as 256 on the instrument.

If the gas pressure needs tc be modified, continue wifh step
5.1.10. If the pressure level is satisfactory, skip over to
step 5.1.15.

Open the hend valve on the nitrogen bottle (turn
counterclockwise) and observe the tank pressuro as indicated
at the right-hand pressure gage of the rigu1ator.

If the pressure observed |s higher than that required in the
suspension unit, no boost wiil be required and control of the
gas to be inserted into the unit will be accomplished by the
small hand valve near the end of the high pressure hose. Opeh
this valve (counterclockwise) slightly and gradually elevate
the pressure in the suspension unit until the proper pressure
is reached. Close the hand valve and continue to observe the
pressure as it stabilizes. If {t settles to a pressure lower
than required, add more gas by opening the hand valve again,
If stability occurs at an excessive pressure, bleed gas off by
slightly loosening and then re-tightening the high pressurs
Tine to the flare union. The final pressure should be within
1% of target pressure and should be stable within 1/4% of
target for a minimum observation period of 30 seconds.
Achieving this goa[ will be a bit difficult for the operator
at first, but will be accomplished relatively easily after
some practice.

If a pressure higher than that existing in the nitrogen tank
is needed at the suspension unit, boost will be required. In
this event, open fully the hand valve at the end of the high
pressure hose. A check valve in the 1ine will prevent back
flow from the suspension unit to the tank.

Gradually open the hand valve controlling the air line input
to the booster. The booster will commence to "chug" and after
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a few cycles an increase in pressure at the transducer will be
noted.

5.1.14 Continue operating the booster as required to bring the

pressurea to the final desired value. Use the technique

h: described in §.1.11 except that gas addition is controlled by

‘ the boost air 1ine hand valve rather than the high prassure

3 . gas line hand valve. The same tolerances on pressure levels
' and stability apply.

5.1.15 Close the charging valve (3) by turning it clockwise ti11 it
seats. Tighten to 30 foot-pounds. Do_not over-torque the
charging valve as this can damage the critical seat.

5.1.16 Close the high pressure 1ine hand valve to save the gas stored
in the hose. (Bleed the hose off when the main tank valve is
closed and the hose is stored after the working saession.)

5.1.17 Slightly loosen the end fitting nut at the flare unifon to
\ allow the gas trapped in the end of the high pressure 1ine to
bleed off. Then remove the nut and 1ine from the flara union,

5.1.18 Remove the flare union from the roadarm and re-install ihe
bleed plug (4).

§.1.19 Replace the charging valve cover (1) and install two screws

(2).

NOTE: Cleanliness in the handling of parts during the checking of the

\ spring gas charge cannot be too highly stressed. Introduction of any
contaminate into the suspension unit can be a cause of catastrophic
failure. The suspension unit is built to withstand a great deal of
contamination and abuse on the outside, but the interior must be Kkept
clean to assure proper performance.

5.2 CHECKING CRANK CASE FLUID LEVEL

5.2.1 Refer to Figure 5-2. Clean the area around the crank case
f111 assembly (1) carefully.




¢—S 34nod4




- e am WS Bn NS S

| ll
) \
g
9
b
It
.

5.2'2'
5.2.3

5.2.4

5.2.6

8.2.7

5.2.8

Remove plug (2) from the assembly.

Using a suitable tool, depress the valve stem of the fill
valve assembly and allow the gas charge to escape. Make sure
to hold the valve open :ong enough to allow thorough bleeding
of the gas charge.

Refer to Figure 5.3, Carefully clean the area around the
crank case blow off valve assembly (1).

Remove the crank case blow off valve assembly from the torque
cover,

Visually inspect for fluid level, using an auxiliary 1ight
source {f necessary. Fluid level should be approximately at
the Tower edge of the blow off valve port and, in consequence,
fiuid should slowly run out when the assembly has been
removed., NOTE: No significant change to the crank case oil
level should normally occcur in regular service. It should
therefore be unnecessary to add oil to or remove oil from the
crank case except during repair and overhaul operations. Any
major change in the oi1 level found during this check should
therefore, be considered a cause for concern and the reasons
should be investigated.

If the crankcase fluid level {is pot as specified, and the
decision is made to correct it, proceed with step 5.,2.8.
Otherwise, skip to step 5.2.9.

Should the crankcase oil1 level be too high, it can be reduced
simply by allowing the excess to run out the blow off assembly
port., When compiete, proceed to step 5.2.9. If the level is
low, remove the entire crankcase fill assembly (Item (1) in
Figure 5.2). Bring the charging cart (prepared for operation
per steps 4.2.1, 4.2.2, 4.2.3 and 4.2.11) ncar to the
suspension unit. Use the filtered o1l hosa (termination is a
spigot) and add oil as roquired through the opening left by
the crankcase fill assembly. When complete, re-install the
crankcase fi11 assembly into the roadarm.
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5.2.9 Re-install the crankcase blow-off valve into the torque cover.

5.2.10 Re-install the cover plug into the crankcase fi11 assembly.

5.3 CHECKING THE CRANK CASE GAS CHARGE

5.3.1 Refer to the section view of the suspension unit roadarm
labelled Figure 5-2. Carefully clean the area around the
crank case fi11 assembly (1).

5.3.2 Remove the plug (2) from the crank case fi11 adaptor.

5.3.3 Bring the charging cart (prepared for operation per steps
4.2.1, 4.2.2, 4.2.3 and 4.2.11) near to the suspension unit to
be testead.

5.3.4 Apply the low pressure hose end fitting to the air inlet valve
of the crank case. Hecld the hose in position long enough to
allow the pressure to stabilize to within 1 psi of the
regulated value observed (set to 60 psi in the preparation
stage) when the hose end fitting is free standing.

5.3.5 Remove the hose from the air inlet valve.

5.3.6 Re-nstall plug (2) into the crankcase fi11 adaptor.

6.1 REMOVING/REPLACING ROADWHEEL(S)

Because of physical considerations the roadarm jack used with the
standard P-7 torsion bar suspension system is not applicable to the new
hydropneumatic suspension units. This being the case, CGT has supplied
with the vehicle a suitabla roadwheel jack which utilizes hydraulics for
its operation. The roadwheel jack package consists of:

- A manually operated hand-pump.
= A Tift cylinder with end fitting adaptation.

- A roadwheel riser block
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To remove a roadwheel set:

6.1.1 Place the riser block on the track in front of (or behind, in
the case of station number 1) the roadwheel set to be removed.
Utilize that portion of the track outboard of the track guides
and make sure the two cleats on the ri‘ser engage the
rectangular openings in adjacent track blocks. This will
assure that the riser does not slip 1in the succeeding
operation.

6.1.2 Drive the vehicle forward (or back, if the riser has been
placed behind the wheel sat) to cause the wheel set to climb
to a central position on top of the riser. The 1ift of the
wheel set will amount to apbrox1mate1y 4 1/2 inches.

6.1.3 Slightly 1oosen the ten (10) restraining nuts on the wheel set
while the set is prevented from rotation by the riser block.

6.1.4 Place the roadwheel Jjack cylinder in position behind the
roadwheel set. The lower end of the cylinder will engage two
successive rectangular openings in the track. The upper end
will cradle the lower corner of the suspension unit roadarm.
(See Figure 4-4),

6.1.5 Close the hand valve of the roadwheel Jack pump. Pump the
handle until the cylinder has raised the wheels approximately
1/2 inch above the riser Dlock.

6.1.6 Remove the ten (10) retaining nuts and washers from the wheel
set completely. Remove each wheel in turn.

6.1.7 Install the replacement wheels by sliding them in turn over
the threaded studs of the hub assembly.

6.1.8 Place a washer and nut on each of the ten (10) threaded studs.
Snug the nuts down to bring the wheels into their proper
nosition,

6.1.9 Open the hand valve of the roadwheel jack pump and allow the
wheels to drop and re-engage the riser block.

6.1.10 Torque ten (10) roadwheel nuts to 160 foot pounds.




6.1.11

6.1.12

Remove the roadwheel jack cylinder from it’s position under
the roadarm.

Move the vehicle sufficiently to clear the riser block and
remove it from the track.

NOTE: For servicing, repair and overhaul of the roadwheei hub
assembly, see Figure 6-1. 011 level should be checked weekly,
or at any indication of leakage as evidenced by dampness on
the exterior surfaces of the assembly.

6.2 REMOVING/REPLACING SUSPENSION UNIT

6.2.1

6.2.2

6.2.3

6.2.4

6‘2.5

6.2.6

6.2.7

6.2.8

Remove roadwheel set from suspension unit as described in
6.1.1 through 6.1.6.

Refer to Figure 5-1. Carefully clean the area around the high
pressure charging valve cover (1).

Remove two cover mounting screws (2) and the charging valve
cover from the roadarm.

Carefully clean the area surrounding the charge valve (3) and
bleed plug (4).

Remove bleed plug from the roadarm.

Open charge valve a slight amount until gas starts to flow.
Note that it is necessary to allow the gas to escape very
gradually to avoid the loss of oil as well,

Refer to Figure 5-2. Carefully clean the area around the
crankcase fi11 assembly (1) and remove plug (2). (The
crankcase gas charge should be bled off per 5.2.3 if further
work is to be done on suspension unit but need not be done
simply to allow removal of the unit from its mounting).

Screw the 11fting eye supplied with the charging cart into the
opening made by removal of the plug from the crank case fill

21
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6.2.10

§.2.11

6.2.12

6.2.13

6.2.14

6.2.15

6.2.18

valve. Leave the eye 1/2 turn loose from bottoming to allow
1t to be usod as a swivel.

Remove nine (9) 5/8-11 bolts fastening the suspension unit to

22

the vehicle hull. Note that it will be necessary to move the

roadarm angularly in order to achieve access to two of the
hold down bolts. This can be accomplished arter completion of
the gas spring bleed process by using a track bar to move the
roadarm up and down as required.

Remove the shoulder bolt from the end of the boom on the
charging cart and move the cart into position so that the slot
at the end of the boom straddles the eye threaded into the
crank case fi11 adaptor.

Replace the shoulder bolt through the end of the 1ifting boom
so that 1t passes through the boom and eye at the same time.

Close the valve on the 1ift cylinder hand pump and apply
action to the pump handle to cause the 1ifting cylindar to
support most of the weight of the suspension unit.

Rock the suspension back and forth while gradually applying
outboard effort on the charging cart and in turn, the 1ifting
boom. The suspension unit will come free of the hull and be
suspended in air, held by the boom. Lower the 1ifting boom to
allow the suspensiuvn unit to rest on the floor or other
surface and remove the shoulder bolt from the 1ifting eye.

To replace a suspension unit on the hull, clean the mounting
surfaces and pilot diameter. of the suspension unit and
mounting ring, making sure io remove any cured sealant left
from the previous installation. Coat liberally with two part
sealant per MIL-S-81733 Type II.

Repeat steps 6.2.7, 6.2.8, 6.2.10, and 6.2.11 tu prepare the
replacement unit for {installation on the hull,

Close the valve on the 11ft cylinder hand pump and operate the
pump handle to 1ift the suspension unit into the approximate
position for installation on the hull,




6.2.17

6.2.18

6.2.19

6.2.20

Move the charging cart into position and spot the suspension
unit so that it “hangs" from the torque pin extending from the
mounting ring. Rock the suspension unit back and forth to
cause it to engage the pilot diameter and drop into position
on the mounting ring.

Install nine (9) 5/8-11 bolts doped with the seaiant described
in 6.2.14 to fasten the suspension unit to the vehicle hull,
Note that rotation of the roadarm by the use of a track bar
will be necessary to gain access to twe of mounting bolts.

Disconnect the 11fting boom from the suspension unit. Tighten
nine (9) mounting bolts to 150 foot pound level.

Re-charge the gas spring, re-check crankcase fluid level, and
replace gas charge in the crankcase per sections 5.1, 5.2, and
5.3.

6.3 REMOVING/REPLACING TRACK SUPPORT ROLLER

§.3.1

6.3.2

6.3.3
L] tw

6.3.4,
8.3.5

6.3.6

Clear the area of the track roller of mud and debris as
necessary.

Using suitable means, jack the track up from the track roller
slightly in order to relieve tha load on the roller assembly.

Remove five (5) 5/8-11 bolts holding the track roller to the
hull, The bolts are accessible using a socket wrench passed
through holes in the roller hub.

Remove the track roller assembly from the hull,

To replace a track roller assembly on the hull, clean the
mounting surface at the rear of the assembly and coat
1iberally with sealant per MIL-S-18733 Type I1. If necessary,
clear the area of mounting on the hull of hardened sealant
laft from the previous installation.

Position the track roller assembly at the hull bolt pattern
and insert five (5) 5/8-11 mounting bolts which have been
doped with the sealant described in 6.3.5.



6.3.7 Torque the five (5) mounting bolts to 150 foot pourids.

6.3.8 Remove the track jacking provisions from the vehicle.

NOTE: For servicing, repair and overhaul of the track roller assembly,
see Figure 6-2. The assembly is very similar to that used on an M2
vehicle, but has been modified to reduce the height of the hubcap to
allow clearance with respect to the track guides of the vehicle. 011
Tevel should be checked weekly, or at any indication of leakage as
evidenced by dampness on the exterior surfaces of the assembly.

7.1 CHECKING THE TRACK TENSION

In addition to track roller assemblies, 2 slide plate has been added to
each side of the vehicle at Station 3. This slide plate serves the
purpose of minimizing track droop and possible resulting damage to the
suspension units. At the same time, it serves as a convenient method of
chacking track tension by indicating the amount of catenary droop
between the track rollers located at Stations 1 and 5. To cneck track
tension:

7.1.1 Allow the vehicle to come to a free rolling stop on relatively
level, hard ground.

7.1.2 Check the spacing between skid plate and track on each side of
the vehicle. Proper ciearance should be approximately 1/2
inch, which corresponds to a track tension of 6,000 pounds.

7.1.3 Apply high pressure grease as required in the usual fashion to
the tensioner at the rear of the vehicle to bring the track to
the appropriate 1/2 inch clearance.

24
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INSTROCTION MANUAL
TOR MODEL 210
INDICATOR

GSE INC.  + oo $gop |

23440 Research Drive ¢ Bgrmington Hills, Ml 48324.1090 U.8.A,
(313} 478-7873 « Telex: 230738

- T-15878~A
10/24/86




1,0 INTRODUCTION TO THE MODEL 210

The GSE Model 210 Imdicator is a portable, lightweight instrument designed to
Wuud Lva Siglaic Lave swidiu-gage transducers. The Model 210 {s specifically
designed for use with the GSE Model 768 Belt Tension Sensor. This portable
and versatile system is used primarily to test sutomotive V-Belt tension. The
indicator can be calibrated for up to six (6) differemt V-Belt sizes using a
selector awitch with associatcd span potentiometers,

The Model 210 Indicator alsc features an internal selectable decimal point, a
rechargeable battery, binding posts for external calibration resistors, am NS
counector, a battery recharge jack and an analog output jack. The following
controls are used on the Model 210:

1. A POVER SWITCH turns the instrument ON and OFF (the battery may be charged
with the switch in either position).

2, A CALIBRATION BUTTON shunts the calibration resistor (mounted in the
binding posts in rear) across the +power and +signal leads to simulate a

load. This simulated load is then used to span the inatrument, matching
it to the transducer.

3. The SPAN SELECT SWITCH is used to select the desired calibration setting.
It also selects the Battery Check functionm.

4. The SPAN ADJUST nntantiamators emrala tha inatrumant dyring calibration.
5. The ZERO potentiometer allows the operator to tare ocut any zero offset.
6, The DECIMAL POINT selector switch bank 1s located inside the instrument

and may be accessed by removing the screws from the bottom cover and
opening the case.

Li 2222 bt s dad i a s i sl il sd sl b ad Rt ot s i A s b A S )

2.0 SET UP AND CALIBRATION

1. Connect the transducer to the’ input counnector. If the transducer comnector
must be wired, use the following wiring code:

PIN DESIGNATION | FUNCTION
A + EXCITATION
B - EXCITATION
C + SIGNAL
D -~ SIGNAL
E SHIELD
10-2 T-1587¢
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2,0 SET-UP AND CALIBRATION cont'd

2, Check the battery by selecting the Battery Check functiom with the Span
Select switch, In the Battery Check position the display will indicate
the condition of the battery. A reading of 800 counts or less indicates &
LOW BATTERY charge level. To avoid damage, the battery should be charged
for 14 HRS, before further use. Leaving the {nstrument plugged in, with
the power awitch either ON or OPF, will recharge the bettery., 1If the
instrument {s stored for any length of time, the battery level must bde
checked befora use.

3. If desired, change tha decimal point position by using the internal "dip
switch" bank., The switches place the decimal point as followst

#1: 0000.
'23 000.0
#3: 00.00
#4: 1is spare

4, Select a channel with the span select switch,

5. Adjust the Zero pot (with no load on the tranaducer) umtil tha display
reads zero,

7. Install the Calibration Resistor provided with the transducer im the
binding posts on the rear of the instrument.

8. Depress the Cal Button located om the fromt of the lnstrument.

9. Using the span pot for the selected channel, adjust the display to match
the calibration value stamped on the cal resistor label.

10, Recheck the 2aro and Span and re-edjust as needed.

NOTE: The battery condition should be checked every two (2) hours when the
instrument Ls i{n use {n the battery mode. A nine (9) volt alkaline

battery may be substituted if the rechargeable battery should fail. DO
WOT ATTRMPT TO RECHARGE AN ALKALINE BATTIRY!

AL AL AR A A TR ISR i T At il I IR 2210 22 dy ety y gy e te sy gy

220 __OPTIONAL CAL METEOD

This method uses pre-tensioned V-Belts set up under labotratory conditions to
precise load levels and {s recommended only for those who desire the bdest
possible accuracy., Up to six different V-Belts may be loaded with dead
weights ead the Model 210 indicator is then used to calibrate the transducer
on the master test fixture.

1. Turn the instrument on and connect the V-Balt sensor.

2. Check the battery condition and recharge if necessary.

10-2 ‘ T-15878-A
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3.0 OPTIOMAL CAL METHOD cont'd

2, Check the battery condition and recharge if necessary.
3., Adjust the Zero pot to read zero,
4, Clamp the sensor onto the pre-tensionaed V-Belt.

5., Select the "CHANNEL 1" Span pot and adjust the Model 210 to match the load
applied to the V-Belt,

6, Move the channel selector switech to the next position and repeat steps 1

thru 3 for the next belt size that wili be used. Repeat this procedurs
for each balt that will be used.

VAR RDPRRRRRERNRRIRTREPRRERRAPECRRNNNRERRIRRDRNRAARN OV NR NP NONR N RV AT SRR NI NS

SRECITICATIONS TOR MODEL 210 INDICAIOR
NON-LINWITY sesssvese i 0-25: rs

BATTERY secvsvoccrscsnse n.ch"‘.‘bl. 9 Volt, .L‘he (3) hours plul of
continuous use

RECHARGER ..cocovivnesne 115/230 VAC. 30=60 H” lnput 12 V'DC, 14 hours r.chlr‘.
time

BRIDGE EXCITATION ..¢ss 2.3 volts DC, 350-1000 Ohm, Full Bridge
INPUT SIGNAL civoveeves Ocb = 5,0 mV/V for FS

ANALOG QUTPUT ..svessee L volt DC nominal FS

DISPLAY ..vvvverrerass 3 1/2 digit LCD, 1/2 high

CALIBRATION .ecsesvesse Six, switch selectable calidbration settings

SHUNT CALIBRATION ,...., Binding posts on rear panel for shunt calibration
resistor

MAXIMUM READING (veeses 1999, track ouly
CONNBCTOR ss e 0ts e 0rr e HS-SIOZA-I.“S-SS
sIzE [ E RN NN N NNNNNNNNNENN] 5”“xz.25“ax 5.25"D

“lxau? 28800 0080006000000 ILBZO’.
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REPLACEMENT NICAD BATTERIES AND CHARGERS

Renlacement TR 7/R Varta N{iCd 9V hatteriec
are available from GSE

by ordering part #12-10-2200.

Replacement N30-85/60B065 D & B Power Chargers
are also avallable from GSE
by ordering part #12-10-15827.



APPENDIX B
SPECIAL TOOLS




List and Description of Special Tools

Nane
Wrench, Relief Valve

Lbcator, Pump

Clamps, Bearing

Puller, Connecting Bar Pin
Roller, Sleeve

Puller, Front Cover
Wrench, Charging

Dummy Relief Valve

Roll Pin Installation Tool

Damper Spring Compression Tool

Special spanner wrench to
torque relief valve sleaeve
into roadarm spindle

Locate pump at collapsed
position during roadarm
installation

Clamp outer main bearing to
roadarm during piston
installation

Ingtallation and removal
tool for connecting bar
pin

Installation and removal
tool for roadarm piston
sleave

Tool to allow quick removal
of front cover

Special wrench with
multiple sizes to allow gas
spring maintenance with one
(1) wrench

Modified relief valve body
that allows pressure
testing of damper hydraulic
circuit

Tool to install connecting
bar roll pin

Threaded rods used to
compress damper piston
springs
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ACCEPTANCE TEST PROCEDURE
IN=-ARM SUSPENSION UNIT
DTRC CONTRACT NO. N00167-88-C=0024 TO
CADILLAC GAGE TEXTRON, INC.
(CDRL A003)

CONFIGURATION PER NAVBEA DRAWING NO. €599761
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l.0

2.2

scope

This document establishes the test methocd and test
equipment to be used in evaluating the functional
performance of In-Arm Suspension Units (ISU) M/N 6599761~
1-F, 6599761-1-R, 6599761-2~F, and 6599761~2-R. The =-1
units are configured for the left (port) side and the -2
units for the right (starboard) side of the vehicle. ~F
units are trimmed for station 1 and 2 application and =R
units are prepared for use on stations 3 through 6.

general Information

The ISU Assembly and its component parts shall conform as
applicable to the detailed test parameters of paragraphs
5.1, 5.2, 5.3, 5.4, 5.5, and 5.6.

The working hydraulic fluid used in the ISU Assembly
spring and crankcase sections shall be Mobil 423 and
shall, prior to being put into service in the ISU, be
passad through a fluid filter rated at 10 micron absolute
or bettaer.

All functional tests shall be performed at an ambient and
ISU temperature of 80 +10°'F unless otherwise specified.

Test Equipment

The test apparatus utilized for this procedure shall, at
a minimum, incorporate the following features:

A structural assembly arranged to support the ISU in its
normal operational attitude and using mounting provisions
and fasteners closely simulating the vehicle
installation. The structure shall be configured to allow
installation of either a left (6599761-1) or right hand
(6599761-2) ISU with a minimum of change over.

A means, such as a saervo controlled hydraulic cylinder,
of producing the motion and simulating the forces seen at
the ISU wheel spindle when operating on a vehicle. This
drive means shall provide sufficient stroke, at a
minimum, to operate the roadarm through wheel spindle
positions on demand from -5.0 inches to +12.0 inches
(normal or "static" operating position is at 0.0 inches
where the wheel spindle centerline is 9.38 inches below
the rotational centerline of the roadarm). It shall, at

Drawing No. 6599850
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3.1.6
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a minimum, be adequately powered to provide vertical
force levels at the spindle up to 40,000 pounds on a
static basis and to 25,000 pounds dynamically while
operating at a sinusoidal frequency of 0.3 Hz at the
stroke amplitude indicated above. The drive shall be
capable of operating at frequencies up to 5.0 Hz with
proportionately reduced amplitudes.

Provisions to measure, on a bi-directional and continuous
basis, the force applied by the drive of 3.1.2 to the ISU
wheel spindle. The resulting measurement shall be
accurate to within 100 pounds at all load values.

Means ton continuously measure the vertical position of
the ISU wheel spindle as it is operated by the drive of
3.1.2. The measurement shall be accurate to within 0.05
inches at all positions.

Provisions to continuously monitor the pressure existing
in the ISU spring chamber during operation. Pressure
will range from approximately 1,000 to 12,000 psig
dynamically and will range from 18,000 psig for proof
test purposes. The pressure measurement shall be
accurate to within 113 psi for all readings up to 5,000
psig, +25 psi for all readings up to 10,000 psig and 50
psi for proof pressure readings.

Measurament means to continuously monitor temperature at
a selected external surface location on the test ISU.
The equipment must be capable of covering a minimum range
from +50 to +250°'F. The temperature measured shall be
accurate to within 2°F at all readings.

The necaessary equipment to continuously and
simultaneously record the data produced Dby the
instrumentation devices described in 3.1.3 through 3.1.6
as the ISU is put through the test cycle.

The means to operate the test drive on a continuous and
repeatable basis to simulate a typical cycle of input
load and velocity conditions <that the 1ISU might
experience in severe vehicle operation. An actual
recording of wheel versus hull position during a
strenuous vehicle run used to drive the servo cylinder of
3.1.2 is one satisfactory method of arriving at this
cycle simulator.

Drawing No. 6599850
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4.0

5.0

5.1

5.1.1

5.1.2
5.1.3

5.1.4

5.1.5
5.1.6
5.1.7

Assembly

All parts shall be carefully deburred and cleaned prior
Lo assenbly. Assembly shall be performed in a clean
environment.

Test Proceduraesg

Rampex Relief Valve

Assembly Damper Relief Valve per 6599762, Sheet 2, and
install in test fixture 6599854. Make connections per
Figure I and follow procedure of 5.1.2 through 5.1.8.

Open shutoff valve (6).

Adjust pressure regulator (4) to increase the pressurs
seen at the gauge (3) from 1,000 psig at a rate not to
exceed 100 psi per second. Continue increasing pressure
until the reading at flow meter (2) reaches 2.0 gpm.
Pressure at this condition shall be 3,000 to 3,200 psig.
If lower, add shims to Relief Valve spring cartridge and,
if higher, remove shims from the cartridge to bring the
pressure into the spacified range.

Adjust the pressure regulator to decrease the pressure
until the flow reaches 0.025 gpm. Pressure at this
condition shall be no less than 2,000 psig.

Close ahutoff valve (6).

Adjuat pressure at the gauge to 3,000 psig.

Using a suitable measuring container and timing device,
measure the leakage flow from Relief Valve spring cavity
(5). This leakage shall fall into the range of 0.15 to
0.40 gpm. Racord measured leakage flow at Section 6.1.

Remove tested Relief Valve assembly from fixture block
for installation into ISU assembly.

Drawing No. 6599850
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PRESSURE RETURN

RETURN PRESSURE 25 PSIG MAX AT ALL FLOWS
PRESSURE SOURCE - 3800 RSl — 3 GPM MIN
- TEST RELIEF VALVE/ BLOCK 6598884
- FLOW METER = RANGE 0.01 TO 3.0 GPM
— PRESSURE GAUGE -~ RANGE O TQ 4000 PS! W/ SNUBBER
-~ PRESSURE REGULATOR =~ RANGE 3500 TO 3300 PSI
«~ DRAIN FROM RELIEF VALVE SPRING CAVITY
- SHUTOFF VALVE

FIGURE |
PRESSURE M ‘
vi v3@8 FT. HEAD
I g B A
v2 va
/ - 1/4" BLEED TUBE

1/4" BLEED TUBE

- PRESSURE SOURCE - 3000 PS! — 1GPM
- 8- PRESSURE GAGE 0 — 4000 PS! W/ SNUBBER
- TEST CHECK VALYE/ BLOCK 6599855
- V1, V2, V3, V4 - HAND OPERATED
SHUT=-OFF VALVES
- » USE STATIC HEAD OF 8,0 £0.5 FT. OR
LOW PRESSURE REGULATION TO CONTROL
PRESSURE AT CHECK VALVE INLET TO
3.0 £0.2 PSIG

FIGURE Il
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5.2

5.2.2

5.2.4

5.3.1

5.3.2

Damper Check Valve

Assemble Damper Check Valve per 6599762, theet 1, and
install in test fixture 6599855. Make connections per
Figure II. Start with all hand valves closed and follow
procedures of 5.2.2 and 5.2.3.

Open hand valves V; and V,. A steady column of fluid
shall flow from the bleed tube at V,. Close hand valves
V; and V,.

Check that pressure source at gauge (1) is active. Open
hand valves V, and V,. Using a suitable container and
timing device, measure leakage flow from kleed tube at
V,» This Ilow shall not exceed 5.0 cc/min. Close V, and
V‘Q

Remove tested Damper Check Valve parts from fixture block
for installation into ISU assembly.

Eroof Test - Spring

Complete assembly of ISU per 6599762. Partially till the
spriiug chamber volume with 2400 cc of Mobil 423 hydraulic
oil and seal it. Partially £ill the ISU crankcase volume
with 1250 cc of Mobil 423 hydraulic oil and seal it.
Mount the ISU on the test stand. Complete the lcad drive
and instrunentation attachments.

Apply gradually increasing load to the ISU wheel spindle
in the jounce direction. Monitor the resulting pressure
in the ISU spring chamber. Increase the external load to
bring the spring chamber pressure to 18,000 psig. Hold
this condition for five minutes. Thera shall be no
evidence of distress of ISU parts or external leakage
from the test unit. Return the axternal locad to zero.

Spring Curve

NOTE: 1ISUs to be applied to rear stations 3 through 6 of
the vehicle use a "stiffer" spring than those of the
forward stations to minimize the effects of cargo load
and temperature upon vehicle height. The units differ
only in the amount of fluid used in the spring volume and
are otherwise identical in physical assembly detail.
Where the spring variation affects numerical
characteristics in the section which follows, these
differences are reflected in Table I.

Drawing No. 6599850
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5.4.2

Using the load stand drive device, position the ISU wheel
spindle at its static position (9.38 inches below the
crankcase centerline to within 0.02 inches). <Charge the
crankcase chamber volume with dry nitrogen at a pressure
of 80 %10 psig. Reduce the quantity of fluid in the
spring chamber to (A) cc (see Table I). Then charge the
spring chamber volume with dry nitrogen at a pressure of
(B) psig. Make sure to allow time for the gas pressure
to become stable.

TABLE I.
CHARACTERISTICS YALUE/UNITS

Forward ISUs

(A) 1,650 +10 cc

(B) 3,100 +20 psig

(C) 5,780 t60 psig
Rear ISUs L

(A) 1,950 %10 cc

(B) 1,500 15 psig

(€) 3,880 140 psig

Reposition the ISU spindle to +11.0 $0,02 inches. After
sufficient time to stablilize (typically several minutes),
the spring pressure shall be (C) psi. If too low, add
fluid to or, if too high, remove fluid from the spring
chamber after removing the gas charge from the chamber.
Make adjustments as necessary until the pressure
specification is met.

Make the required provisions in the test equipment to
drive the ISU roadarm on a sinusoidal basis. Set
operating frequency to 0.3 Hz. and peak amplitudes to
11.5 +0.5 inches and 4.5 +0.5 inches in jounce and
rebound directions, respectively. Make a run of one
complete cycle starting from the static (zero) position
and proceeding first toward jounce. Plot the variable
pressure present in the spring chamber as a function of
roadarm position. ' Figures IIIa and IIIb show typical
spring pressure curves for forward and rear station ISUs,
respectively. The plot for the test ISU shall fall
within the 1limits depicted in Figures IVa or IVb as
appropriate.

Drawing No. 6599850
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5.5 combined Spring/Damper Curve

NOTE: Proper operation of the ISU damper will be
achieved only after complete priming of the dampsr pump
has been accomplished. It may be necessary to cperate
the ISU on a cyclical basis for a short time to effect
complete evacuation of unwanted air from the pump clrcuit
prior to continuing with the performance tests which
follow.

5.5.1 Driva the ISU roadarm as described in 5.4.3. Plot the
variable vertical locad present at the roadarm wheel
spindle as a function of roadarm position. Figures Va
and Vb show typical wheel spindle load curves for forward
and rear station ISUs respectively. Proper damper
operation will be indicated by the spread between
vertical wheel spindle loads for jounce and rebound
directions of motion. The test ISU shall conform in this
respect to the characteristics depicted in Table II.
This regquirement applies equally to front and rear
station ISUs,.

TABLE II.

WHEEL SPINDLE POSITION RIFFERENTIAL LOAD
=4,0 inches 5,000 lbs. min,.
+3.0 inches 2,000 lbs. max.

+11.0 inches 5,000 lbs. min.
5.5.2 Drive the ISU roadarm as described in 5.4.3 except that

the frequency of operation shall be 0.1 Hz. Plot the
variable vertical load present at the roadarm wheel
spindle as a function of roadarm position. Figqure VIa
and VIb show typical wheel spindle load curves for
forward and rear station ISUs respectively. No point on
tha load curve taken at this frequency shall fall into
the negative load region for either ISU configuration.

5.6 Limited Durability

5.6.1 Drive the ISU roadarm using the cycle simulation
described in 3.1.8 as input to the drive system. Monitor
the temperature experierced at the lower edge

Drawing No. 6599850
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Wheel Spindle Position (in.)

AAV—7 ISU Reoar Stations
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5.6.2

5.6.3

of the torque cover face. Do not allow this temperature
to exceed 160°F and, to this end, use as required the air
flow of a large fan directed across the face of the ISU
to maintain this condition. Operate the ISU for 10 hours
minimun.

Allow the test ISU teo cool to 80 £10 F. Check the gas
pressure in the spring volume. This pressure shall not
be less than 90% of its initial value (this much "losas"
due to gas entrainment in the fluid is typical). Check
the gas pressure in the ISU crankcase. It shall be
within +15% of its initial nominal value.

Repeat the tests of 5.5.1 and 5.5.2. The ISU shall meet
the requirements of those tests as before.

Drawing No. 6399850
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APPENDIX D
SPRING AND DAMPER CURVES



Wbl NULLLIbUC

cl gl 8

41 TTUC GWEL o :
- 41 *TC dn3L CERY

g “TUUUCUUUUUNSS

M8 ""CCtCt g OOR

g v . c 8] c- V- 8-
— Y TTYTTTYTTTT T TTTTTTTTY
2 SERREREREREREREEE R REERE
R _ N I N ! m
P m ! P Do :
[0S ORI RS S SRS S S SR SO A R S S JOUR RO SN VS SRS U S SN S :
. 1 =1 E 11 . | A S S S NP ANNS S R ekt
A . I RS R
; o ol | P m t 1
i LI . BN T “ B A
c P RN i
. R T O O O i
“ - m ‘. |
: I : . ; i T
o
> 3
O
)
~ R
@ .
w =
X o
by :
2 o1 e
O W :
~ : :
vi i : K o g R A s e .
; w ; L
1 H s i H H f i : J ; ; :
i : : S A A _ S T R P
i : . . . . H ! H i 1 v H m H ¢ '
B ,413 -L IJ. -.lqliwi{wi.,mf-lw ..... AN S SO . e ,Vf_ _ A __a.._-. w . '_ " _ b
_ i /i [ : m Co "B0 3LY B0 E1 38
e ; m i : m i ” .ommﬁ ~-0E-01 """ 31vl
t : H i H i i i : o.g e -~
81 _ _ o N e | moooonﬁam # JT3AT ALNC ..
W _ P | ZH €°0 " ILVY FTIOAD o
|




(SAHINI> NOI11I1SOd

g-
| I J
. .
O — - =
P s p
- % ] - ..._J
o X e
e
= —
O -\
R O R A - ..
*OEBO0T """ ORIl -

"0661-60~-¥0 """ 3Lvd
11 “# 313A0 AlNO - M

zH €0 °° 31vd 373AJ

! "ttt dW3l v/

: i " dW3l “8RY 1

b El """ N/S

“ ettt # OONW




APPENDIX E

VEHICLE CG CALCULATIONS




LVPT=7 Center of Gravity Calculations

8TA
100
A 3
-
se
F7
FORWARD <a | 1 '
2 Be
c D [
T
x o~ 91.2
i€¢7 .7
fo—————— 216 , g~
F, = 8,524
Fy, = 9,998
F. = 9,932
F, = 9,776

F, = 38,230 pounds total vehicle weight (with fuel tank near
empty)

X = (167.7 - 91.2) = 76.5 inches

(F, + F)(Y) = (F, + F,)(76.5 = Y)

Substituting,
18,456(Y) = 19,774(76.5 = Y)
38,230(Y) = 1,512,711
Y = 39.6
H= (216.5 - 167.7) = 48,8

CG Location = 48.8 + 239.6 = 88.4 or Station 188,4 inches
longitudinal

(Fg + Fy) (2) = (F, + F,) (108 =~ 2)

Substituting,
19,708(2) = 18,522(108 - 2)
38,230(2) = 2,000,376
Z = 52.3
J, then, = 54 -2 = 1,7 inches to port of centerline
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8COPE OF EFFORT

The contractor will be responsible for all manpower, services,

and supplies to securely install steel ballast plates in a USMC

Assault Amphibian Vehicle. Nine (9) plates, each with dimensions

of 36" W x 72" L x 2" H (total welght of approximately 14,000

‘5 pounds) will be provided by the Government at time of purchase
award.

| The steel ballast plates shall rest in a contractor fabricated

' cradle/basket resting on the floor plates or <floor support

beams/stringer of the vehicle. The cradle shall be secured to four

corners of the troop compartment. The ballast plates and cradle,

when secured, shall be capable of sustaining 3g locading in any

direction without moving or causing damage to the vehicle or

supporting structure. Vehicle systems or components may not be

moved or altered for this installation. The contractor shall

determine floor loading criteria and limits so as not to damage or

ovarload the fluor structure. The ballast plates may be sacured to

one another, but must be removable through the 60" x 108" cargo

hatch opening in increments or sections that do not weigh more than

‘ 5000 pounds each (to be liftabla by crane). The ballast plates

shall be modified by the contractor so that they are egquipped with

.l lifting points or attachment hardware to facilitate lifting. The

ballast weight shall be centered at a point ** inches aft of the

vehicle sprocket centerline and along the vehicle fore-aft
centerline. . Vertical position need not be considered.

The contractor will be responsible for transportation of the
~ Government test vehicle from its current location (Warren,
‘I Michigan) to the contractor's facility for ballasting, and back.

While the vehicle is in the contractor's facility, the contractor
will be responsible for all maintenance and operation of the
vehicle, including driving the vehicle on and off the delivery
truck. The contractor will be responsible for showing proof that
qualified drivers will be used when driving the test vehicla.

These services shall be performed within 30 days of purchase
order award. A pre-inspection of tha vehicle is not possible.
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ABSORBED POWER METER
by A. Wroble 14 Sept, 1989

DESCRIPTION

The absorbed power meter consists of an accelerometer, main
processor unit, a remote meter panel with start-stop switch, and
associated cables. The unit provides the capability of raeading:
(1) the time duration (up to 120 rzeconds) between a start and stop
signal of a run, (2) the peak instantaneous acceleration in gravity
units during that run (up to 12 G's), (3) the accumulated absorbed
energy (up to 1200 watt-seconds in the X10 position) during that
run. The average absorbed power in watts is calculated by dividing
the accumulated energy in watt-seconds by the run duration in
seconds. :

In addition, the instrument provides analog voltage input and
outputs for external recording devices. The analog output signals
available are the instantaneous acceleration in gravity units or
foot per second-sgquared units, and the instantaneous absorbed power
in watts. A properly scaled analog recording of instantaneous
acceleration can be fed into the instrument to determine the
average absorbed power during any selected time segment of the
recording.

QPERATION

The instrument requires nominal military vehicle power of 18«30
volts DC at approximately 200 milliamperes. The unit is current
protected with a 1/2 ampere fast blow SB fuse and voltage protected
against application of reverse polarity.

Power is applied to the unit when the power leads are connected and
is verified by noting the presence of digits and vyellow
backlighting on the remota meter. The red powaer lead must be
connected to positive battery voltage, and the black power lead
must be connectaed to negative battery voltage, which is assumed to
be vehicle ground.

CAUTION: This unit should not be used on a vehicle with the
positive battery terminal connected to ground, unless special
provisions are made to insulate all elements of the instrument from
vehicle grourd.

It is necessary to place a jumper between the RED banana jacke
labelled ACC OUT and TAPE IN on the main panel for proper meter
operation, unless acceleration data is fed in from an external
analog recorder.

The remote panel meter switch should be placed in the TIME
osition. This is done to assure that the timer is stopped. If it
8 running, the operator should quickly depress and release the

START-STOP button to stop the timer. Then the operator should set

the main unit range switch in the X1 position for

smooth to moderate terrain, or in the X10 position for rough

G-2




terrain. cChanging the range switch during or after the measurement
run invalidates the run data because it controls the rate of the
energy averaging process and not the meter scala factor. The range
switch affects only the scale factor of the energy and power units,
WATT=-SEC and ABRB PWR OUT, and not the TIME or PEAK ACCEL readings.
In the X1 position the unit reads directly in watt-seconds. In the
X10 position the scale reading must be multiplied by 10 to obtain
the correct total energy reading. For example, a meter reading of
098.3 watt-seconds with the range switch in the X10 position should
ba interpreted as a valua of 983.0 watt=seconds. Just prior to the
start of the run, the RESET button on the remote panel meter should
be depressed and held for about one second to insure complete reset
of all the functions. Subsequently, on any of the functions, a
stationary reading of +0.1 at the start is considered acceptable.

The operator determines the start of the run by quickly depressing
and releasing the hand held START=S8TOP button. This starts the
timer, the peak acceleration acquisition, and the energy
acocumulation process. The three position meter switch can select
PEAK ACCEL or TIME or WATT-SEC. If the maeter is in the TIME
position during the run, the operator can choose to stop the run
based on the timer reading. The run is terminated when the
operator quickly depresses and releases the START=STOP button
again. It is recommended that the three readings be taken and
recorded together with the range switch position within one minute
after the completion of the run. 8ince the readings are held in
analog form, a small amount of drift is inaevitable.

In the TIME position, the meter reads in seconds and tenths of
seconds up to a maximum of 120.0 seconds. In the PEAK ACCEL
position the meter reads in G's and tenths of G's up to a maximum
of 12.0 G's. In the WATT-SEC position with the range switch (on the
main unit) set at the X1 position, the meter reads in watt-seconds
and tenths of watt-seconds to a maximum of 120.0 watt-seconds.
With the range switch in the X10 position, the meter reads in units
of tan watt-seconds to a maximum of 1200 watt-seconds. For
example, a reading of 107.5 represents 1075 watt-seconds. The
meter may indicate readings higher than the above maximum values,
but those valuas are close to meter saturation and should not be
trusted. It would be better to suitably modify the run and retake
the data. Once the data has been noted or recorded, tha operator
ggy rc;ot the instrument by depressing the RESET button to clea
e meter. :

The average absorbed power in watts is calculated by dividing the

accumulated energy in watt-seconds (determined from the meter
reading and the range switch) by the run time in seconds.

ARDITIONAL EUNCTIONG

The ACC OQUT (accelerometer output) banana jack pair provides a zero
based, bipolar, analog voltage output scaled at 1.0 G per volt,

G=-3




with an upward azceleration represented by a positive voltage on
the red jack with respect to the grounded black jack. This signal
can by recorded during a run and played back for analysis at a
later time. If the connection hetween tna ACC OUT and TAPE IN is
maintained, this signal can be recorded during a normal measursment
run. The output limits are 12 G's or volts. ' The load impedance
should not be less than 35000 ohms.

The TAPE IN (analog acceleration signal) banana jack pair provides
a method to determine the instantanecus and average absorbed power
for any segment of pre-recorded acceleration data. The recording
mediun is assumed to be tape, but any medium including digital can
by used so long as the resulting signal is converted to analog
form, has the proper scale factor, and ocontains the original
frequency information from 0.1 to 350 Hertz. The scale factor,
polarity, and limits are the same as those of the ACC OUT,

In order to use this input, the shorting jumper between ACC OUT and
TAPE IN must be removed. A properly scaled analog acceleration
signal from a data recorder must be connected to TAPE IN terminals,
round to black and signal output to red. NOTE: All black banana
acks are tied together and oconnected to the instrument case
round, which is normally connected to vehicle ground. Opaeration
n this mode proceeds the same as an actual run: Make sure the
timer is not running; RESET to start the measurement when desired;
press the START=STOP button again to stop the run; note and record
the three readings and the range switch setting: stop the playback
device; calculate the average absorbed power.

The FIL ACC OUT (filtered acceleration output) banana jack pair is
provided for use with a visual recording device such as a strip
chart recorder or oscilloscops. The FIL ACC OUT signal is the
accelarcmeter signal rescaled to feset per second sguared and
filtered to remove fraquencies above 160 Hertz. The scale factor
is 10 feet=-per-sacond-sgquared/volt and the output limits are 120
fest-per-second-squared or 112 volts. The load impedance on this
ocutput should not be less than 5000 ohns.

The ABRB PWR OUT (absorbed power output) banana jack pair is also
provided for use with a visual recording device. This signal is a
measure of the instantaneocus absorbed power before the mathematical
averaging procaess. The scale factor of this signal is 0.1
watt/volt with the range switch in the X1 position and 1.0
watt/volt with range switch in the X1n position. 1In either casa,
the output limit is 12 volts. The load impedance on this output
should not be less than 5000 ohms, '

CSALIBRATION

There are a total of eight calibration adjustments in this
instrument., They are all accessible from the front panel. Thess
adjustments can ba divided into two catagorias; routine calibration
and component replacement calibration. Routine calibration should




be performed on the following: ACCEL OFFSET and GAIN, SQR OFFSET,
WATT-SEC OFFSET, TIME OFFSET, and TIME CAL. Component replacement
calibration includes rautine calibration plus the adjustment of Xl
CAL and WATT-SEC CAL. These repairs and adjustments should be made
only be a factory <trained technician. This calibration 1is
necessary only after internal components have been replaced due to
component failure or when response to routine calibration is
improper.

Routine calibration Procedure

There is considerahle variation in scale factors and offsets among
the accelerometers used with this instrument. This instrument can
be adjusted to compensate for these accelerometer variations. It
is therefore necessary to associate a particular accelerometer with
each instrument, and include that accelerometer in the routine
calibration procedure.

The unit should be connected to a 24 1 volt DC power supply
with at least a 250 milliampere capacity.

All cables should be properly connected, including the
accelerometer and its cable.

The ACC OUT = TAPE IN jumper should be in place.
Accel Gain and Accel Offset:

Connect a DC multi-voltmetar with 0.5% or better accuracy
across the FIL ACC OUT terminals.

Place the accelerometer on a firm surface to sense vertical
acceleration in the same direction as installed in a vehicle.

Adjust ACCEL OFFSET until the voltmeter reads within 3
millivolts of zero.

Place the accelerometer so that its sense axis is parallel to
the horizon. (Lay it on its side.)

Adjust ACCEL GAIN until the voltmeter reads within 15
millivolts of =3,22 volts. If the voltage is positive, the sense
axis of the accelerometer is reversed. (Rewire by flipping the
output leads on tha accelerometar connector.)

A certain amount of interaction between the above adjustments
can be expected, Continue by alternating between the two
adjustment procedures until both conditions are met.

Disconnact the multi=-voltmeter from the unit.

Sqr Offset:

Connect a DC multi-voltmeter with 0.5% or better accuracy
across the ABRB PWR OUT terminals.




Remove the jumper between ACC OUT and TAPE IN terminals.
Short circuit the TAPE IN terminals with the jumper.

Adjust SQR OFFSET until the voltmeter reads within 3
millivolts of zero. '

Disconnect the multi-voltmeter from the unit.
Watt-Sec Offset:

Short circuit the TAPE IN terminals.

Placa the instrument panel meter switch in the TIME position.

Press the reset button to reset the timer.

If necessary, operate the START=STOP button to stop the timer.

Move the panel meter switch to the WATT-SEC position.

Adjust the WATT-SEC OFFSET to reduce the drift of the least
significant digit of the panel meter to less than once in ten
seconds., It 1s not necessary for the meter to be reading zero for
this adjustment. As a final check, RESET the panel meter, and note
the time it takes to register a least significant digit change. 1If
it is less than 10 seconds, perform a readjustment.

Time Offset and Time Cal:

Place the instrument panel meter awitch in the TIME position.

Press the RESET button to reset the timer.

If necessary, operate the START=STOP button to stop the timer.

Adjust the TIME OFFSET +o reduce the drift of the least
significant digit of the panel meter to less than once in ten
seconds, 1t i8 rot neceassary for the timer to be reading zero for
this adjustment. As a final check, RESET the panel meter, and note

the time it takes to register a least significant digit change. 1If

it is less than 10 seconds, perform a readjustment of the TIME
OFFSET.

Wher the offset adjustment is satisfactory, RESET the timer.

Using a stopwatch or clock with a sweep second hand as a
refoerence standard, operata the timer for 60 seconds uming the
START=STOP switch.

If the timer reading differs from 60.0 seconds by more than
0.3 seconds, make a one turn adjustment of TIME CAL.

RESET and rerun the timer again for 60 seccnds.
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Note the time difference that one turn made, and make a
proportional corrective adjustment of TIME CAL.

Continue the above procedure until the timer reads 60.0 0.3
seconds.

This concludes the routine calibration procedure.

COMPONENT REPLACEMENT CALIBRATION

After a component is replacad, the routine calibration procedure
must be completed first before performing this ocalibratien
procedurs,

X1 calibration:

Connect an oscillator operating at 10 1 Hz sine wave into the
TAPE IN terminals.

Seat unit range switch to X10.

; Connect a slovw multi=voltmeter across ABRB PWR OUT banana
acks,

Adjust the oscillator sine wave amplitude for a reading of 0.5
£.05 VDC on the 10 volt scale of the multi-voltmeter, and note the
multi-voltmeter reading.

Set unit range switch to X1.

Adjust X1 CAL so that the new meter reading is just ten times
the noted previous reading.

WATT-SEC Calibration:

Connect an oscillator operating at 10 +1 Hz sine wave into the
TAPE IN terminals.

Set unit range switch to X10.

jack Connect a slow multi=-voltmeter across ABRB PWR OQUT banan
acks. ‘

Adjust the oscillator sine wave amplitude for a reading of 0.5
+.05 VDC on the 10 volt scale of the multi-voltmeter, and note the
multi-voltmeter reading.

Place the instrument panel meter switch in the TIME position.

Press the RESET hutton to reset the timer,

If necessary, operate the START-STOP button to stop the timer
and RESET it to zero.




Operate the timar for 100.0 seconds using the START-STOP
switch.

Move the panel meter switch to the WATT-SEC position.

The WATT-SEC reading on the panel meter should be 100 times
the reading in the multi-voltmeter. For example, if the multi-
voltmeter reads 0.524, the WATT-SEC panel meter should read 52.4
20.3 units.

If the panel meter reading differs from 100 times the multi-
voltmeter reading, make a one turn adjustment of WATT=-SEC CAL.

Continue the above procedure until the watt-sec panel meter
reads 100 +1 times the reading on the multi-voltmeter.

This concludes the total instrument caiibration procedures.
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1.0 - INTRODUCTION

1.1 Background:

Developments in advanced suspension systems are seeking to demonstrate the
feasibility of using hydropneumatic suspension systems to provide improved ride quality
and load carrying capability in USMC amphibian vehicles. in placs of the standard torsion

bar and shock absorber system of the AAV-7A1 Assauit Amphibian Vehicle, a test vehicle

has been modified with an in-arm, externally mounted hydropneumatic suspension
system. This system should provide superior ride quality, improved load carrying capacity,
and require less suspension system maintenance.

Hardware tested and experience gained from this system will be appiicable to the
AAV family for improved load carrying capability and the Advance Amphibious Assault
(AAA) program. This future family of vehicles may require new vehicle systems currently
urltdair development (Including hydropneumatic suspension systems) to accomplish their
mission, '

This revision of the test plan hes been greatly modified from previous versions dus
to redirection in test scops. The reader is referred to Appendix B and the listed
documents for technical discussion of the hardware,.

1.2 Purpose:

The purpose of this document is to provide a test plan for testing of a modified
Assault Amphibian Vehicle (prototype LVTPX-12-10 chassis) with an in-arm
hydropneumatic suspension system. This program of hardware development and testing
is in support of the AAV-7A1 Product Improvement Program, sponsared by the Program
Manager - AAA (DRPM AAA) and managed by the Marine Corps Programs Office of the
David Taylor Research Center (Code 1240).

1.3 Program Office Representative:

Any questions or concerns with this test plan should be directed to the following
persons:

Mr. Michael Gallagher

David Taylor Research Center
Code 1240

Bethesda, Maryland 20084-5000

Phone: Autovon 287-1852
Commerclal (301) 227-1852




2.0 - TEST PROGRAM

2.1 Test Objective:

The objective of testing will be to accumulate up to 6000 miles of cperation (one
Iite cycle) on the suspension system. The vehicle shall be operated through a normal
vehicle profile (20% Water Operation, 80% Land Operation). After this time, a
determination will be made to continue testing, or to remove the suspension units for
teardown inspection and/or refurbishment,

The primary objective is to cperate the vehicle in a real world environment to
assess the suspension systems operabliity and maintainability. It is requested that the
vehicle be operated 500-800 miles per month.

The secondary test objective is to establish the performarice capabiities of this
" gystem, to allow the Marine Corps to make an acquisition decision on whether further
development and acquisition is warranted.

2.2 Scope of Test:

The AAV/HSS tests will be conducted at the Amphibiari Vehicle Test Branch
(AVTB), Camp Pendleton, California, by AVTB personnel (or at other faclities and/or
personnel contracted by AVTB). Spare parts unique to the suspension system and the
vehicle installation will be provided with the test vehicle. Any maintenance that will require
disassembly of the suspension unit will be provided by the contractor at his facllity, With
the delivery of the test vehicle will be two spare suspension units (one port, one
starboard). Damaged suspensior: units, or units in need of repair, shall be shipped to the
contractor for rework.

Vehicle operation is to occur on both land (over various terraing) and in the water.
AVTB will ba responsible for structuring of tests and determination of how each test
should be conducted. AVTB will be responsible for utilizing applicable test procedures
from previous or similar testing and fcr developing any new test plans and procedures.
For any outside facilities required, AVTB shall be responsible for arranging and scheduling
their use. Baseline testing shall be performed under all climatic conditions and varled
terrains to the maximum extent possible.

For tests that involve comparative analysis with the baseline AAV7A1, test criterla
will be performed for both the test vehicle and a baseline vehicle. In the event a baseline
AAV7TA1 has performed and documented the same type test (at equivalent configuration),
the test does not need to be repeated for that vehicle.




2.3 Test Phases:

Testing for the vehicle should include a training and familiarization phase for the
crews prior to the operational phase. There is no prescribed characterization testing or
system tuning for this vehicle as called for under this test pian. Aliotted time for all testing
at AVTB Is approximately one year. Additional durability testing may be run afterwards,
with that determination based on Initial test results.

The following types of testing are to be conducted and test data accumulated on
the AAV/HSS by AVTB:

= Ride Quality

- Crocs Country Test Course

- Amphibious Compatibllity

- Vehicle Handling Comparison
- Baseline Vehicle Requirements
- Design Requirements

- RAM-D Tests (300 miles)

- Towing Test

2.4 Schedule:

This test plan is applicable to the performance testing and operational running of
the AAV/HSS for approximately one year. Fallowing this, testing may be extended for
one additional year for additional durability testing.

On-site contractor support will be provided during Initial operation of the
vehicle/suspension system, and as an on-call basis during the period of testing. No
additional training requirements are anticipated for this system.

As a result of the July-August Test Planning Meeting at AVTB, the following
prioritization and scheduling of testing (subject to test range and test hardware availability)
shall be conducted:



AAV/HSS Test Schedule

Bhase la - AVTB Testing (1 Aug - 18 Aug 1880)
Ride Quality Test 3.3.1
Cross Country Test Course Toest 3.3.2
Vehicle Handling Comparison  Test 3.3.4
Bassiine Vehicle Requirements Test 3.3.5 (a,b,8,f)
Design Requirements Test 3.3.8 (a,b,c.d,0)
RAM-D Tests (500 miles) Test 3.3.7

Bhase Ib - Hot Weathar Teating (19 Aug - 7 Sept 1880)
Ride Quality Test 3.3.1
Cross Country Test Course Test 3.3.2
Vehicle Handling Comparison  Test 3.3.4
Bassline Vehicle Requirements Test 3.3.5 (a,b,e,f)
Design Requirements Test 3.3.8 (a,b,c,d,0)
RAM-D Tests (500 miles) Test 3.3.7

Bhase lc - AVTR Teating (8 Sept - 15 Nov 1880)

Amphibious Compatibility
Design Requirements
RAM-D Tests (1000 miles)
Towing Test

Test 3.3.3 (no surl)
Test 3.3.8
Test 3.3.7
Test 3.3.8

Phase Id - Mud/Clay Testing (15 - 30 Nov 1990)

Cross Country Test Course
Vehicle Handling Comparison
Baseline Vehicle Requirements
Design Requirements

RAM-D Tests (500 miles)
Towing Test

Stop Testing (1 - 30 Dec 1880)

Install new dust seals at CGT

Test 3.3.2
Test 3.3.4
Test 3.3.5
Test 3.3.8
Test 3.3.7
Test 3.3.8




AAV/HSS Test Schedule
(continued)

Bhass le - High Surt Testing (1 - 30 Jan 1981)
Amphibious Compatibility Test 3.3.3 (surf ops)

Ebate It - Cold Weather Testing (1 - 28 Feb 1891)

Ride Quallty Test 3.3.1

Cross Country Test Course Test 3.3.2

Vehicle Handiing Comparison  Test 3.3.4

Baseline Vehicie Requirements Test 3.3.5 (a,b,d,0)
Design Requirements Test 3.3.8 (a,b,c,d,8)
RAM-D Tests (500 miles) Test 3.3.7

Ehase !g.- Normal Testing (1 - 31 Mar 1881)

RAM-D Tests (3000 mile mark) Test 3.3.7
Complete any cther tests

lssue Interim Report due 31 March 1891

Ehaas || - Normal Testing (1 Apr 1880 - 777)

Design Requirements Test 3.3.8
RAM-D Tests (6000 mile mark) Test 3.3.7

2.5 Limited Technical inspection and Configuration ot Vehicle:

Upon the vehicle's arrival at AVTB, It is requested that a Limited Technical
inspection be performed to validate that the vehicle engine/transmission/drivetrain
systems are capable of parforming at their rated levels. Any corrective maintenance to
the vehicle should be performed prior to commencement of testing, in addition to EAAK
be added to the vehicle. AVTB is to then weigh and determine LCG for the vehicle. The
suspension contractor will then provide new pressure settings for the suspension units.

As part of the LTI, It s requested that Ingpection of the raturn roller assembiles be
conducted, including disassembly and inspection of bearing, seals, etc. Inspection
procedures, and determination of replacement of parts should be In accordance with
Bradley IFV procedures. At this time, 18-40W oll should be used for oll cavity re-fill in the
support rollers.




3.0 - TEST ADMINISTRATION
3.1 Test Constraints:

This vehicle shall be operated in & manner consistent with the sefe operating
practices for all AVTB tracked vehicles. Safety guidelines will be those established by
Chief-AVTB. Itis at the discretion of AVTB to racommend that the baseline/cti2se vehicle
to be used be outfitted with new susnansion camponents (at AVTB's discretion) prior to
testing 80 as not to bias test results.

3.2 Training and Famillarization of Personnel:

Through prior operation and testing of the LVTPX-12 with the new suspension
system, no additional familiarization and training shail be required.

3.3 Detalled Test Requirements:

The following types of testing are to be conducted and test data accumulated on
the AAV/HSS at AVTB:

- Ride Quality

- Cross Country Test Course

- Amphiblous Compatibility

- Vehicle Handling Comparison
- Baseline Vehicle Requirements
- Design Regquirements

- RAM-D Tests (300 miles)

« Towing Test

Each of these tests will be discussed In further detall In the following sections.



3.3.1 Ride Quality

Baockground

The abllity of a tracked combat vehicle to transit cross country terrain
without degrading smbarked troop performance is paramount to the mobility and
survivabiliity of the FMF.

Purpose

Testing of this system parameter shall provide a quantification of the ride
quality that this system possess versus a conventional AAV with a torsion
bar/shock absorber suspension system,

Method

A test matrix should be established to measure Input Power Levels taken
for the following variations in vehicle configuration:

a Measursments taken on the modified AAV/HSS versus baseline AAV7A1
b. Measurements taken at Troop Compartment floor and Driver's Position
L Measurements for vehicle weight conditions A & B

(dlscussion of weight conditions |s presented in Appendix A)

Over a set terrain profie to be established at AVTB, the different test
confiurations will be run with the dual accelerometer data being recorded of input
puwer levelas, The vahicles shall enter and maintain pre-determined speeds in the
test profile. Each test duration shall be of 2 minutes or less.

Data to be Reported

Test instrumentation will be the responsiblity of AVTB, prepared and
operated, and data reduction performed in accordance with standard procedures
followed by the US ARMY for rice cata. Qathered data shall compare ride quality
of the madified vehicle versus the baseline vehicle (at different weight conditions)
and shall be analyzed pursuant to MIL-STD-1472B for vibration levels and Army
ride oriteria for power absorption.  Additional information on this test
instrumentation Is provided in Appendix B,




3.3.2 Cross Country Test Course Transit Time

Background

The survivability and mobllity of a tracked combat vehicle is dependent on
its ability to transit oross country terrain in the shortest possible time, within the
human and vehicle limits of absorbing terrain Induced loads.

Crer o

Purpose

This test shall provide data on the time required and comparabliity of
diiferent suspension equipped vehicles to tranait cross country terrain, allowing the
vehicle driver's endurance and tolerance limits to dictate speed and time required
for transitting the course.

Method

The modified and baseline vehicles shall be cperatsd over a cross country
test course established at AVTB. Minimum time required to transit the course shall
be recorded for ench vehicls. Interim times shall be measured througn sections of
the course dependant on terrain to be crossed (sandy, hill climb/descend,
washboard, etc.).

Two vehicies shall be used: a baseline AAV (with no other suspension test
compenents) and the AAV/HSS. Two vehicle crews (total for four different drivers)
shall be utilized, taking turns driving each vehicle, twice in each direction, through
the test course. The drivers shall operate the vehicles at safest maximum possible
speed. .

Tests should be conductsd for weight conditions A & B.

No other test Instrumentation s required.

Data to be reported

Times required for courge completion.

li
'
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interim times for sections of the course.

Description of test course.




3.3.3 Amphibious Compatibility

Background

Force projection and amphiblous deployments are required attributes for
USMC tracked amphiblous vehicles. All systams utilized on this type vehicle must
be compatible with amphiblous shipping and surt cperations.
Purpose

The abilty to embark and disembark amphibious shipping shall be
demonstrated to validate compatibllity with normal vehicle operations. Secondly,
the vehicle must able to operate within and transit the surf zone.

Method

In conjunction with other AAV amphiblous ship operations, the AAV/HSS
shell embark and disembark amphiblous ships when the cpportunity is made
avallable.

The vehicle shall be tested at weight conditions A and B. Weight condition
A Is the firat test priority.

It shall be attempted to embark and disembark the ship at each weight
condition thres times.

The vehicle shall be operated, parked and secured in different ship areas
to svaiuate compatibility and safety concerns, including "degging down" of vehicles
for the duration of a Fire Watch period,

The vehicle shall be water towed and recovered (with track Intact) onto
amphibious shipping.

The vehicle should be operated In the surt zone (to safe and maximum
axtent possible, high surf desired) in conjunction and commensurate with other
AAV surt operations.

Data to be reported
Video documentation of amphibious event (launch, recover, etc.).
Recording of number of attempts and succassful missions,

Comments on any problems encountered boarding, launching, or while on
ship. Comments on surt operation and handling.

Record environmental conditions (including well deck data),

]
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3.3.4 Vehicle Handling Comparison Tests
Background

All changes and improvements to the AAV family must be done 8o without
sacrificing or degrading current vehicle performance.

Purpose
Comparative testing of the operation and handling qualities of this modified

vehicie versus a standard AAV shall be performed. Measurements required wlll be
qualitative and quantitative, )

Method

The following tests shall be parformed with the vehicle in weight condition
A and video coverage shall document vehicle operations:

(1)  Accslerate the vehicle from 0-30 mph on a hard surface

()  Decelerate the vehicle, in a panic stop made, from 30 mph to a stop
on a hard surface

(3)  Operate the vehicle through a slalom course that provides 0.3g, 0.5g,
and 0.7g turns at 10, 20, and 30 mph on a packed dirt/hard surface

(4)  Operate the vehicle in the boat basin adjacent to AVTE and in the
surf zone of Camp Pendleton beaches with waves up to 8 feet high

All of the above condiitions shall be repeated at weight condition B,

Equivalent testing shall be performed with the baseline AAV7A1 at
- aQuivalent weight conditions,

Data to be reported

Recording of time required to accelerate/decelerate the vehicle should be
performed with either stopwatches and/or strip chart recorders attached to the
vehicle spesdometers. Any instrumentation required to validate lateral acceleration
and turn rate need not be reported, but only used to validate the test parameters.
Top vehicle speed on a hard surface and In the water shall be recorded.

The only other measurements will be video documentation of vehicle
operation of the modified AAV and baseline AAV during testing. To be watched
for are unsafe operating conditions, or excessive pitch and roll movements during
t:o maneuvers. Inability of either vehicle to safely perform the test should be

ocumented.

. The test condition of 0.7 g's at 10 mph shall be omitted. Comments on
i vehicle testing and handiing should be recorded.

10




3.3.5 Basaline Vehicle Requiraments

Baokground

New improvements and changes must not prevent the vehicie from
performing to its original design specifications.

This series of testing will valicdate that the AAV/HSS vehicle still meets the

baseline requirements of the AAV7A1, as detalled in the Developmental Testing il
(DT-ill) ‘Test Requirements.

3.3.5.a - Trench Crossing Test

Purpose

To demonstrate that the test vehicle can cross a trench up to four teet deep
and eight feet wide.

Method
(1)  Place the test vehicle in welght condition A.

(@) Slowly drive the test vehicle over the required eight foot wide and
four foot deep trench.

(3) Document the test with video or still photography, as appropriate.
(4)  Repeat for vehicle weight condition B.

(5) Repeat for baseline AAV7A1 at equivalent weights.

Data to be reported
(1)  Photographic and video documentation
(2)  Trench dimensions

(3) Note and record any discrepancies, malfunctions, or problems.

11




3.3.5.b - Vertical Obstacle Test

Purpose

To demonstrate that tha test vehicle can scale a 38-inch vertical obstacle

Method
(1) Place the test vehicle in weight condition A,
() Slowly drive the vehicls over the required 38-inch vertical cbstacle.
(3) Document the test with video or still photography as appropriate.
(4) Repeat for vehicle weight candltion B. -
(5) Repeat for baseline AAV7A1 at equivalent weights

Data to be reported
| (1) Video and Photographic documentation
(@) Obstacle dimensions

(3) Note and record any discrepancies, malfunctions, or problems.

12




3.3.5.c - Corrcsion

Purpose

To determine any areas of the test items that are susceptible to corrosion.

Method

Liuring testing, observe, analyze, and record suspension failures suspected
of being due to corrasion. Observe and report any areas suffering corrosion
effects.

Data to be reported

Record and report all suspension system fallures due to corrosion In
accordance with other tailure reporting.

Make recommendations based on failure analysis and vehicle experience.

13



Purpose

To identify any aspects of the test items (or test vehicle installation) that are
susceptible to improper operation during extremes in ambient operating
temperatures.

Method

it is recommended that the vehicle and opereﬂon/melntenance crew be
deployed to test regions where 500 miles of hot cesert testing (100° - 125° F) and
500 miles of arctic testing (-25° - 0° F) can b acoumulated sometime during the
time period. During testing, observe, analyze, and record suspension fallures
suspected of being due to the environment. Observe and report any operaticnal
aspects suffering environmental effects. Conduct of baseline testing shall he
accomplished to the maximum extent possible.

During this testing, vehicle weight should be varied among weight conditions
A & B for the recommended percentages of operating time. Any adverse or

beneficial impacts to vehicle performance as a resuit of weight changes should be
noted.

Data to be reported

Record and report all suspension system failures and problems due to
environmental effects in accordance with other failure reporting.

Make recommendations based on failure analysis and vehicle experience.

14




3.3.5.0 - Slope Negotiation

Purpose

To dsetermine the abllity of the test vehicie to negotiate and maneuver on
forward and side slopes safely. '

Method
(1)  Place the test vehicle in weight condition A,

(2a) Operate the vehicle on forward siopes up to and Including 60%
inclines. The vehicle should be operated in forward and reverse,

(2b) Operate the vehicle on side siopes up to and including 40% Inclines.
(3) Document the test with video or still photography as appropriate.
(4) Repeat for vehicle weight condition B,

(5)  Repeat for baseline AAV7A1 at equivalent weights.

Data to be reported
(1)  Video and Photographic documentation

(2)  Slope Inclinations

(3) Note and record any discrepancies, malfunctions, or problems.




3.3.5.1 - Pivot Steering

Purpose

To determins the abiiity of the test vehicle to pivot steer during lend
operations, as currently capability exists on the AAV7A1.

Method

(1) Inspect and adjust the HS-400-3 transmission for fuil pivot steer
capability.

(2) Pivot steer the vehicle on varied terrains (hard surface, secondary
roads, packed sand, vegetated terrain) during the course of vehicle
operations and RAM-D mileage accumulation. The vehicle should be
steered left and right at various speeds at the two weight settings.

(3) Document the test with video or still photography, as appropriate.

Data to be reported
(1)  Video and Photographic documentation
(@)  Venhicle rotation rates.

(3) Note and record any discrepancies, malfunctions, or problems.
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3.3.5.g - Mine Plow Evaluation

Purpose

With future introduction and fitting of the mine plow to AAV's, this large
weight mass at the nose of the vehicle and the push loads to be transmitted to the
suspension system need to be investigated. This test is not to be an all-inclusive
teat, but a first look at identifying possible Interface and operational problems.

X Method
Following sutfficient testing of the mine plow on a baseline AAV7A1, the plow
shall be installed on the AAV/HSS. This shall be performed for a vehicle weight
condition of 6000 pounds of cargo in the troop compartment.

(1)  The vehicle with mine plow and 8000 pound cargo load shall be weighed
and the LCG determined.

(2) The suspension contractor may provide new suspension unit pressures for
this vehicle configuration to retain acceptable ground clearance. The
nitrogen charge levels may be adjusted with new pressure settings.

(3) The vehicle with mine plow shall be operated and terrain plowed to evaluate
impact on the suspension system. * '

Data to be Reported

To be determined. *

* Pending test of the mine plow on the baseline AAV7A1 &nd its Impact on vehicle
operation, this sub-test and its criterla will be updated at « later date to Include test
methods and data gathering.
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3.3.5.h = Nolse Measurement

Purpose

Utilization of new components on the vehicle need to be evaluated for
determination of whether or not they add to the acoustic signature of the vehicle.

Method

In accordance with procedures performed by AVTB to measure internal and
external noise leveis of other add-ons to the AAV7A1, similar efforts shall be
employed to measure the leveis for the AAV/HSS vehicle configuration.

This shell be performed for weight conditions A and B, and for the four
listed terrain types:

» Paved road

- Loose sand

- Pack sand

- Secondary road

Data to be Reported

Data shall be recorded and reported in accordance with AVTB procedures
for internal and external noise evaluations.




(1)

@

)

(4)

(5)

(1)
(@)

@)

3.3.6 Design Requirements

Background

All new systems for evaiuation should be monitored to validate proper

functioning. Ride height and hydraulic/nitrogen levels in the suspension units are
paramount to proper functioning.

3.3.6.a - Fluld and Gas Level Check

Purpose

To determine that the nitrogen and hydraulic oil levels, and their fill ports,

maintain their settings during all vehicle operating conditions.

Method

Utllizing the Operations and Maintenance manual procedures, check to
insure that nitrogen ges levels are properly set and maintaining their
sattings.

For the first 2000 miles, check nitrogen levels to sees if they were meintained

~ after avery 250 miles of operation,

Thereafter, check nitrogen lavels to see if they were maintained after svery
800 miles of operation.

Hydraulic fluid levels need not be checked uniess seepage and/or leakage
Is noted.

With all units properly set, methods and procedures should be determined
for installation and charging of units without the use of blocks under the
vehicls. This shall incorporate corrective values for different roadwheel
stations and different weight conditions.

Data to be reported

Maintain a list of when each suspension unit required service or filling.

Note and report discrepancies and malfunctions on appropriate
maintenance and vehicle record logs.

Tentative procedures for on-vehicle charging without use of support blocks.




3.3.6.b - Ride Height

Purpose

To determine whether the vehicle's height changes appraeciably with time or

temperature.

Method

(1)

@

Utilizing the Operations and Maintenance manual procedures, measure
vehicle height at the four corners of the vehicle hull at the following
increments:

« Every 250 miles of operation
- Every two calendar months of operation
- At every ten degrees change in amblent temperature
(when available and when testing at elevated/cold temperatures)

Utllizing the weapon station sight or an Inclinometer, measure vehicle
attitude change (with time) after operational shutdown, This shal be
performaed to investigate effects on UGWS range card readings and system
accuracy.

Data to be reported

(1)

(@

(3)

(4)

Maintain a list of height measurements when readings are taken and venhicle
welght at the time,

Note attitude changes with time and Its effect on weapon station pointing
accuracy.

Note and report discrepancies end malfunctions on appropriate
maintenance and vehicle record logs.

Measurements should be made of baseline AAV7A1's at equivalent weights
and LCQ.



3.3.6.c - Return Roller Wear

Purpose

To observe wear rate and deterioration of return rollers during testing.

Mesthod

AVTE operations and maintenance personnel shall monitor snd report on
sbriormal wear and replacement of return roller components. This shall Include

development and implementation of any test procedures to measure damage and
determine replacement guidelines.

Data to be reported

(1)  Maintain a list of when support roller components required service and/or
replacernent,

(@) Note and report discrepancies and malfunctions on appropriate
maintenance and vehicle record logs.

* During the course of vehicle testing, DTRC will provide to AVTB four new
return rollers that utilize polyurethane tires and wear rings. Upon the
removal of damaged rubber tire rollers, these new rollers should be installed
untll expended.




. 3.3.6.d - Roadwheel / Suspension Unit interference

' Purpose

To cbaerve wear rate and ceterioration that may result to roadwheel and/or
suspension units as & result of interference between the components or as a resuit
of terrain induced camage.

Method

AVTE operations and maintenance personnel shall monitor and report on
abnormal wear and replacement of suspension units and roacwheels as & result
of Interference between the components or as a result of terrain induced damage.
This shall include development and implementation of any test procedures to
measure damage and determine replacement guidelines.

Data to be reported

(1)  Maintain a list of when damage or interference required service and/cr
replacemaent.

(@) Note and report discrepancies and malfunctions on appropriate
maintenance and vehicle record logs.

1
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3.3.6.0 - Track Tension Setting and Adjustment

Purpose

To obsarve track tansion, its affect on vehicle operation, and determine
applicable aeiting and measurement guidance. Thie Is required as a result of the
support roller interface and the atfect on track tension and proper setting.

Method

AVTB operations and maintenance personnel shall monitor and report on
abnormal wear and replacement of track components as a result of Interference
between the track and suspension components or as a result of terrain Induced
damage. This shall include development and imiplementation of any procedures to
determine and set proper track tension.

AVTB shall experiment with and provide commaents on ways to install and
remove the track on the vehicle in various configurations and weights. This ahall
inciucie estimates of crew levels, tirme required, numbers of perscnnel required and
the need to ramaove EAAK panels (f necessary) for service to the track.

Data to be reported

(1)  Maintain & list of track damage or Interference that required service and/or
replacement.

() Note eand report discrepancies and malfunctions on appropriate
maintenance and vehicle record logs.

(3) Times required, crew levels/quantity, and vehicle impact to service the
track.

'
|
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3.3.8.1 - Installation and removal of suspension units

Purpose

To assess crew workload, level of difficulty, and anticipated maintenance
burdens for this system that would be required for installation of units on the
vehicle.

Method

AVTB operations and maintenance personnel (at various maintenance
levels) shall perform suspension unit Installation end removal In various
lclaorl'lﬂgurntlonl that could be anticipated by the FME. This shall inciude, but not be
mited to:

- Installation/removal while pressurized and unpressurized

- Installation/removal with and without hub attached

- Installation/removal at stations 1, 3, 8 - port and starboerd
- Varloua liting harnesses and liting methods

« Different vehicle welghts

AVTB shall experiment with (in matrix format) and provide comments on
possibillties for accomplighing the above efforts, and provide feedback on what
changes should be considered for future vehicls configurations to faclitate easier
installation and removal of units,

Data to be reported
(1)  Photographic coverage when desmed appropriate.

() Operator and maintenance personnal faedback on efforts undertaken and
success of different methods.

(3)  AVTB shall providle user feedback on lifting devices (either new or modified
hardware currently available) to make this function easler and safer.
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3.3.6.g - Short tracking of suspension units

Purpose

To assess crew workload, level of difficulty, and anticipated maintenance
burdens for this systam to be required for short tracking the vehicle in a fleld
environment.

Method

AVTB operations and maintenance personns! (at various maintenance
levels) shall experiment with and perform short tracking of the vehicle in various
ﬁo?ﬂguratlona that could be anticipated by the FMF. This shall include, but not be

mited to:

- Installation/removal of units to facilitate short tracking

- Deactivation and tieing up of units during short tracking

- Impact on being towed when short tracked (using tow bars and cabies)

- Removal of roadwheels and hubs

- Diffarent vehicle weights '

- Progressive Increase and maximum number of roadwhaeael stations that can
be deactivated (rear units, front units, mixed units)

AVTB shall experiment with (In matrix format) and provide comments on
possibilities for accomplishing the above etforts, and provide feedback on what
changes should be considered for future vehicle configurations to facliitate easier
short tracking.

Data to be reported
(1)  Photographic coverage when deemed appropriate.

(2) Operator and maintenance personnel feedback on efforts undertaken and
success of ditferent methods.

(8) Ground clearance changes.
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3.3.7 Reliabllity, Availability, Maintainabllity and Durability

Background

New vehicle hardware must not provide a logistics and maintenarice burden

for the sake of improved performance. Reliabliity and maintainabllity must be
documented and validated to evaluate the new systems benefits.

Purpose -

To determine the test item's anticinated RAM-D characteristics during the

test period.

Method

(1)

@

Operate the test vehicle as outlined in paragraph 2.1. Maintain the vahicie
and suspension system as outlined in the appropriate technical manuals.

Perform all crew level maintenance actions required during the test
operations and report In accordance with standard procedures.

Data to be reported

(1)
()

()

4)

Record all fallures

Record suspension maintenanca data in accordance with appropriate
procedures.

Record and make note of any crew level special skills, tools, and
procedures required for maintenance and operation of the suspension units
and vehicle system not previously addressed in either vehicle manuals or
those documents referenced in Appendix B.

AVTB shall provide user feedback on the charging cart configuration, uses,
and possible improvements to make this special tool easier to handle, use,
and transport in future suspension applications. This feedback Is also
requested for any crew level special tools and procedures required to
operate and maintain the suspensicn system.




3.3.8 Towing Tests
Background

All changes and Improvements to thc AAV family must be done without
sacrificing or degrading current vehicle performance and capabilities.

Purpose

Comparative testing of the operation and handling qualities of this modified
vehicle versus a standard AAV shall be performed when towing various items.
Measurements required will be qualitative and quantitative.

Mathod

A test matrix shall be established and the following towing tests shall be
performed with the vehicle in weight conditions A & B. Video coverage shall
document vehicle operations.

1. Towing shali be conducted over the following terrains:

- loose and packed sand
- secondary roads

- paved roads

- cross country terrain,

- mud/clay

- vegetated

2 Towing shall be conducted (using bars and cables) with the following
items towed by the AAV/HSS:

- AAV of equal or less weight

- M188 155 mm towed artillery

- Standard trailer

- Trailar mounted line charge

- Other equipment deemed appropriate by AVTB

3 A baseline AAV at equivalent weight shall tow the AAV/HSS,

Data to be reported

Excessive loss of roadwheel travel shall be measured and documented.
The only other measurements will be video documentation of vehicle operation of
the modified AAV and baseline AAV during testing. To be watched for are unsafs
operating conditions, or excessive vehicle movements during operation. Inability
of either vehicle to safely perform the test should be documented.
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3.4 Data Requirements and Instrumentation

At AVTB's recommendation, AVTB shall be responsible for ride quality
instrumentation, data gathering, and data analysis. Two measurement devices should be
Installed in the test vehicles, measuring absorbed power/vibration levels at both the troop
leval and drivers seat simuitanaously for comparison purposed. The vehicles should ba
run through the test profile as cliscussed in Section 3.3.1. The AAV/HSS and the AAV7A1
shall be run through the test profile one after ancther. This will be repeated for the two
vehicle weight conditions. Discussion of US ARMY measurement techniques are
presented in Appendix B.

For ride quality data, the baseline comparative value tc which testing should be tun
is a 0.7 inch RMS terrain. The required performance that the M1A1 tank tests against is
sustained 29 mph speed over the 0.7 iInch RMS terrain with 6.0 watts power absorbed at
the drivers seat. If speed can be maintained through the terrain, then power absorption
is to be measured. If speed can not be maintained, then maximum speed at the 6.0 watts
level or less should be racorced.

All ather instrumentation and data reduction that AVTB feels may be needed for
the conduct of tests in this test plan will be the responsibility of AVTB, with data in
analyzed form to be presented to DTRC at the conclusion of testing.

Vehicle operation is to occur on both land and in the water. AVTB will be
responsible for structuring of tests and determination of how test should be conducted.
AVTB will be responsible for utilizing applicable test procedures from previous or similar
testing and for developing any new test plans and procedures.




3.5 Data Analysis, Documentation, and Reporting

It is requested that a vehicle log be maintained for observations and measurements
taken pertaining to this system and series of tests.

it is requested that AVTB provide photographic coverage on sequences of
AAV/HSS testing. During testing, video coverage representative of testing being
conducting is requested in accordance with Section 3.3 of this test plan.

Color still photographs should also document testing, along with any ancmalles
encountered or failures that may occur to hardware during testing.

| it will be at the discretion of the AVTB Operations Office to request photographic
coverage.

The accumulation reliabllity information Is for Iinformational purposes and to track
trends/deficiencies, vice tabulation of classical RAM-D data.

AVTB shall continue to include the status of the vehicle testing in their monthly
reports.

AVTB shall prepare and distribute Test Incident Reports (TIR) for abnormal events
and failures. These reports shall be distributed to AVT8, DRPM AAA, DTRC, and CGT
with a recommended tasking for action. These reports should be developed and
maintained for the whole test program and should be distributed as soon as reasonably
possible.

Provided in Appendix C is a vehicle operator's questionnaire. It Is requested that
all crew members that drive, meintain, or are involved in the testing of the AAV/HSS be
given copies of and complete this questionnaire after discrete test point completion.

At the conclusion of testing, it is requested that AVTB prepare and forward
compiled test results, findings, and comments in the form of a Final Report to DTRC and
DRPM AAA. This report shall describe:

- Test Data

- List of tests attempted/achieved

- Narrative discussion of test results
- Completed questionnaires
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3.6 Logistics Support during Testing

The LVTPX-12 test vehicle will be shipped to the test site by the contractor.
Shipment will be by truck with drive on/drive off capability. Shipment of required test
items and repair parts will coincide with delivery of the test vehicle. Only field serviceable
repair parts will be delivered to AVTB. Depot repairable parts will be retained at the
contractor's facility.

The maintsnance of the LVTPX-12 vehicle will be the responsibility of AVTB,
including all service and parts not unique to the hydropneumatic suspension system.

Spare parts unique to the suspension system and the vehicle Installation will be
provided with the test vehicle. A list was provided in reference (6) of Appendix B. This
quantity of parts should support testing for at least one year. If additional parts or high
usage parts are required, it wili be the responsibility of AVTB to procure these parts. Any
maintenance that will require disassernbly of the suspension unit will be provided by the
suspension contractor at his facllity. With the delivery of the test vehicle will be two spare
suspension units (one port, one starboard). Damaged suspension units or units in need
of repair shall be shipped to the contractor for rework.

Maintenance procedures for required service checks of the hydropneumatic
suspension units is provided in reference (1) of Appendix B.
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APPENDIX A
VEHICLE TESTING WEIGHT CONDITIONS

The following vehicle configurations shall be tested for the AAV/HSS. Outfitting of
the vehicle has besn accomplished utilizing actual components with the exception of
ballast for troop and cargo/LMC load. The below listed weights are actual measurements
for the AAV/HSS vehicle.

CONDITION AAV/HSS WEIQHT
(pounds)
A, Combat Equipped, 53,500 pounds

plus EAAK and Troops

B. Coinbat Equipped, 58,100 pounds
plus EAAK & 10,600 Ibs. cargo (LMC kit)

The following is a tabulation of components attributed to the vehicle:

was Component

1000 Hull, Welded & machined

1100 Bow Plane

2000 Powertrain

3000 Transmission

4000 Aux. Propulsion

5000 Suspension (HSS replacement for torsion bar system)
8000 - Armament (UGWS, combat ready)
7000 Subsystems

8000 OEM/Comm equipment

9100 Crew of three

9200 Fuel (171 gallons)

LOADED ITEMS

wBes component

9300 LMC kit - Cargo (10,600 Ibs)
9400 20 troops & 1 TC (@ 285 Ibs ea)
9520 Enhanced AAK
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APPENDIX B

DOCUMENTATION REFERENCES

"OPERATIONS AND MAINTENANCE MANUAL FOR HYDROPNEUMATIC
SUSPENSION SYSTEM INSTALLED ON P-7 AMPHIBIOUS ASSAULT
VEHICLE", documentnumber AMS/721/M5-RB88303, published by Cadillac
Gage-Textron on 5 October 1888,

"HUMAN VIBRATION RESPONSE MEASUREMENT", TACOM Technical
Report 115851, dated June 1972
(DTIC # ADS01185).

"DESIGN REPORT FOR AN IN-ARM HYDROPNEUMATIC SUSPENSION
UNIT", published by Cadlllac Gage-Textron, September 1688,

"FINAL REPORT FOR AN IN-ARM HYDROPNEUMATIC SUSPENSICN
UNIT", published by Cadillac Gage-Textron, date TBD.

"“DETAILED TEST PLAN - DEVELOPMENT TEST Il for the LANDING
VERICLE TRACKED MODEL 7A1 (LVT7A1)", published by MCDEC,
September 1983.

. "TEST PLAN. FOR A HYDROPNEUMATIC SUSPENSION SYSTEM

MOUNTED ON AN ASSAULT AMPHIBIAN VEHICLE (LVTPX-12)", prepared
by the David Taylor Research Center, May 1880, Revision 4.
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APPENDIX C |
AAV/HSS OPERATOR'S QUESTIONNAIRE

Approximately how many hours experience have you had In driving the test
vehicle? '

Have you had experience driving the standard AAV7A1 vehicle? If so,
approximately how much?

Do you consider the handling characteristics of the test vehicle to be adequate
Ingofar ag safety is concerned?

It not, please elaborate.

Do you find the test vehicies hard to control over a certain terrain or In a particular
situation? If so, please elaborate.

Do you find driving or riding in the test vehicle to be unusually tiring or the
opposite, less tiring? '

Do you have any comments (gathered from operating, maintaining, or riding in the
test vehicle) which you consider appropriate to the suspension system, installation,
or features?
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APPENDIX I

VERICLE WRIGHTS, CGs, AND
GROUND CLEARANCES




TABLES OF WEIGHTS, LCd,
AND GROUND CLEARANCE

PX12=10 WITH REAAKX INSTALLED
WEIGHT AND LCG WITH
GROUND CLEARANCE

e cn |__vom_[emamaonmo
T e ] e T

REMARKS: Not combat equipped.

WRIGHT | 49,1804 GRND CLR m STARBOARD
vee 26-7/8"

T

REMARKS: Welighted to represent the combat equipped test
criteria.

WEIGHT | 55,5404 GRND CLR | PORT | STARBOARD
| Lo | 97-1/4m FORWARD 16-8/6n | 26-1/4n
22-7/8" AFT 14-8/8" | 14-1/16"

e | wrsvor

g

REMARKS: Weight is centered. Weighted to represent the troop
loaded test criteria.

WEIGHT m GRND GLR m STARBOARD

REMARKS: Weight is mounted forward. Weighted to represent the
troop loaded test criteria.

I-2




WEZGHT
Lea 99=1/2"
vea 19=7/8n

GRND OLR m BTARBOARD
o T

REMARKS: Weights are centered. Weighted to represent the cargo
loaded test criteria,.

T [ovoonr | [amon ] _vow Jemamoin

REMARKS: Weights were mounted forward. Weighted to represent
the cargo loaded test criteria. vVehicle was test
operated in the jetty and performed in a safe and
satisfactory manor., This condition is safe for water
operations,
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APPENDIX J
TAILURE ANALYSIS REPORT
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EAILURE ANALXSIS REPORT

BASIC DATA
TEST PROGRAM! 6K HSS EQUIPPED LVT PX = 12 VEHICLE
F/A REPORT NO.1 001
REPORT DATR: 20 AUGUST 1990
PROBLENM! LEAKING GAS SPRING SYSTEM
INCIDENT DATE: 24 JULY 1990
SUSPENSIOR UNIT 8/Ni ]
ROADARM BTATION NO.1 #2 LEFT
NARRATIVES

DESCRIPTION OF FAILURE:
SEE ATTACHED SHEET

ANALYSIS OF PROBLEM:
SEE ATTACHED SHEET

DESCRIPTIONS OF CORRECTIVE ACTIONS:

SEE ATTACHED SHEET

TEST RESULTZ ON CORRECTIVE ACTIONS:
N/A




DESCRIPTION OF FAILURE:

A visual inspection of the vehicle revealed that the front of the
vehicle was not at the proper ride height. Thae vehicle was put up
on stands to check the gas spring charge pressures. The charge
pressure in the left #2 unit was measured at 325 psi compared to a
required 3200 psi. An attempt was made to recharge the suspansion
unit, however, it would not hold a charge. The suspension unit
(§/N 2) was replaced with another unit (S/N 7) and returned to
Cadillac Gage for failure analysis.

ANALYSIS OF PROBLEM:

A failure analysis was initiated to identify the cause of the gas
spring pressure loss., Disassembly and inspection of the suspension
unit identified the following problems, which are discussed in
detail below:

1, Missing spindle rebound stop block.

2, Broken connecting bar.

3. Sand/rust build~up in the crankcase seal area.
4., Loose front cover retaining screws.

MISSING SPINDLE REBOUND STOP BLOCK:

The spindle rebound stop block (P/N AS700321) was found to be
missing (See Figure 1). The stop block retaining screw and shear
pin were sheared off at the stop block/spindle interface. This was
caused by misalignment (non-square contact) of the roadarm and
spindle mounted stop blocks during a rebound strike. The
nisalignment was probably caused by rocks or other debris becoming
sandwiched between the stop blocks.

Operation of the suspension unit with a missing rebound stop block
allowed the suspension unit to  over-travel and bottom the
connecting bar on the spindle (See Figure 2). Therefore, loss of
the rebound stop block was the primary mode of failure which
resulted in secondary failures of the connecting bar and ultimately
the gas spring system.

BROKEN CONNECTING BAR:

Structural failure of the connecting bar was a secondary failure
resulting from operation of the suspension unit with a missing
rebound stop block. The connecting bar is a weldment which under
normal operation is always loaded in compression. As the
suspension unit over-travels, the connecting bar bottoms on the
spindle, loading it in both shear and bending, causing the weld
between the bar and ball to fracture (See Figure 3). Although the
suspension unit continued to operate for some time after the
connecting bar had broken, metal chips generated by the failure
eventually scratched and scored the high pressure seals and
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sleeve, resulting in the gas spring pressure loss.
SAND/RUST BUILD-UP IN THE CRANKCASE SEAL AREA:

During disassembly of the suspension unit, it was noted that a
significant amount of sand and dirt was packed between the
crankcase dust and oil seals. Also, the sealing surfaces for both
seals were rusted and grooved (See Figure 4). These problems,
which are accelerated by the saltwater/sand environment, would have
eventually resulted in failure of the crankcase seal system
(crankcase oil and gas leakage).

Failure of the crankcase seal system is a recognized design problem
which progresses in the following manner:

1. Saltwater induces corrosion of the dust seals non-protectad
steal sealing surface.

2., Wear of the dust seal lip is accelerated as it runs over the
rough rusted and pitted sealing surfacae.

3. The rough sealing surface allows sand and dirt to work its way
under the sealing lip, causing additional wear and grooving of the
relatively soft (Rc 36) steel sealing surface.

4. The dust seal becomes ineffective, allowing sand, dirt, and
saltwater to pass through and accumulate under the crankcase oil
seal.

5. The sand and dirt quickly abrade the soft crankcase oil seal,
resulting in crankcase oil and gas leakage.

Cadillac Gage has redesigned the crankcase dust seal. Laboratory
testing of the new dust seal configuration should be completed by
the end of September. Upon successful lab testing of the new
seals, the suspension units are to be removed from the vehicle and
modified with the new dust seals.

LOOSE FRONT COVER RETAINING SCREWS:

The front cover retaining screws were checked to see if any had
loosened, Three screws were found to be loose, and twoc were finger
tight (See Figure 5). The locking tabs, installed to prevent the
screws from loosening, were ineffective. They were bent and broken
by debris trapped between the roadwheels and the front covers.
Loosening of the front cover retaining screws is a recocgnized
design problem which will require additional analysis and
evaluation., This pbroblem is to be resolved under a follow=-on
contract,

DESCRIPTION OF CORRECTIVE ACTIONS:
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The suspension unit was refurbished and returned to Twenty-Nine
Palms to be used as a spare. Refurbishment included the
following:

1. Replacement of the complete spring system.

2. Installation of a naw spindle rebound stop block.

3. The crankcase oil and dust seals were replaced.

4. The crankcase oil and dust seal diameters on the roadarm (See

Figure 6) were machined to remove the rust and pits, and them
chrome-plated to bring them back to size.

J=10
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FAILURE ANALYSIS REPORT

BAISC DATA

TEST PROGRAM: 6K HSS EQUIPPED LVT PX - 12 VEHICLE

F/A REPORT NUMBER: o002

REPORT DATE: 24 AUGUST 1990
PROBLEM: LEAKING GAS SPRING SYSTEM
INCIDENT .DATE: 25 JULY 1990

SUSPENSION UNIT SN: &

ROADARM STATION NUMBER: #1 RIGHT

NARRATIVES

DESCRIPTION OF FAILURE:

SEE ATTACHEL SHEET

ANALYSIS OF PROBLEM:

SEE ATTACHED SHEET

DESCRIPTIONS OF CORRECTIVE ACTIONS:

SEE ATTACHED SHEET

TEST RESULTS ON CORRECTIVE ACTIONS:

N/A




DESCRIPTION OF FAILURE:

Oonce the vehicle test weights and center of gravity
locations were finalized by DTRC, Cadillac Gage
calculated the optimum gas spring charge pressuras to be
3200 pei at stations 1 and 2, and 1975 psi at stations 3
thx» 6. While recharging the system to the newly
specified pressures it was noted that the gas sprin
charge pressure in the number 1 right unit was 1515 ps
compared to a required 3200 pasi. The suspension unit was
recharged to 3200 psi, however, the pressurs would not
stabilize indicating a leak. The suspansion unit S/N 8
was replaced with S8/N 11 and returned to Cadillac Gage
for failure analysis.

ANALYSIS OF PROBLEM:

A failure analysis was initiated to identify the cause of
the gas spring pressure leakage. Disassembly/inspection
of the suspension unit identified the following problens:

1. Failure of the main cylinder bore end cap
T-seal.

2. Sand/rust build=-up in the crankcase seal area.

ZAILURE QF THE MAIN CYLINDER BORE END CAP T-JEAL:

While removing the main cylinder bore end cap it was
noted that the outboard T-seal back=-up ring was out of
position. It appeared as if, during assembly, the back-
up ring hung up in the thread relief groove machined in
the roadarm, partially pulling it from the seal groove in
the end cap (See Figure 1). This in turn allowed the
rubber portion of the T-seal to extrude into the gap
between the end cap and roadarm bore (See Figure 2). As
a result of the fluctuating pressures (movement of tha
roadarm) the —rubbar portion of the T-seal was
extruded/nibbled away and eventually a leak path was
formed for the gas spring charge (See Figure 3).
Therefore, leakage of the gas spring charge was due to
the failuvre of a improperly installed end cap T-seal.

SAND/RUST BUILD-UP IN THE CRANKCASE SEAL AREA:

During disassembly of the suspension unit it was noted
that a significant amount of sand and dirt was packed
between the crankcase "dust" and oil seals. Also, the
sealing surfaces for noth seals were rusted and grooved
(See Figure 4).
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T-SEAL CROSS SECTIONS

EXTRUSION GAP

PRESSURE
im0

NORMAL T—SEAL OPERATION

L]

: T-SEAL WITH OUTBOARD BACK-UP

g RING PARTIALLY MISSING (STATIC, O PRESSURE)
| -

l EXTRUSION OF RUBBER

}' PRESSURE

I

| T—SEAL WITH OUTBOARD BACK~-UP

RING PARTIALLY MISSING (UNDER PRESSURE)

FIGURE 2
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SAND/RUST BUILD-UP IN THE CRANKCASE SEAL AREA (CONT'D):

These problems, which are accelerated by the saltwater/
sand environment would have aventually resulted in
failure of the crankcase seal system (crankcase oil/gas
leakage).

Failure of the crankcase seal system is a recognized
design problem which progresses in the following mannr:

1. Saltwater induces corrosion of the "dust"
seals non-protected steel sealing asurface.

2. Wear of the dust seal lip is accelerated as it
runs over the rough rusted/pitted sealing
surface.

3. The rough sealing surfacs allows sand/dirt to
work its way under the sealing lip, causing
additional wear and grooving the relatively
soft (RC 36) steel sealing surfacs.

4. The "dust" seaal becomes ineffaective allowing
sand, dirt and saltwater to pass and
accumulate under the crankcase oil seal.

5. The sand/dirt quickly abraded the relatively
soft crankcase oil seal resulting in crankcase
cil/gas leakage.

Cadillac Gage has redesigned the crankcase "dust" seal.
Laboratory testing of the new "dust" seal configuration
should be completed by the end of September. Upon
successful lab testing of the new seals, the suspension
units are to be ramoved from the vehicle and modified
with the new "dust" seals.

DESCRIPTION OF CORRECTIVE BACTIONS:

The suspension unit was refurbished and returned to 29
palms to be used as a spare. Refurbishment included the
following:

1. Replaced the main bore end cap T-seal. All
T-seals and O'rings are normally replaced as
part of any unit refurbishment.

2. The c¢rankcasa oil and dust seals were
replaced.




3. The crankcase oil and dust seal diameters on
the roadarm (See Figure S) were machined to
remove the rust/pits and then chrome plated to
bring them back to size.
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APPENDIX X
PRODUCTION COST STATEMENT (UNIT COST)
CDRL SEQUENCE NUMBER AO1l2
DATA ITEM NUMBER DI-F=1212

COMPANY CONFIDENTIAL
Exempt from Disclosure Under 8 U.8.C. Bection 552 (b) (4), 18 U.8.C.
Bection 1905 and/or FAR 3.104.




COSTING INFORMATION IS
COMPETITION SENSITIVE

This information resides within

the Government and is controlled by DTRC.

Point of Contact is M. Gallagher,
Marine Corps Programs Office
(301) 227-1852




ADDENDUM
DESIGN REPORT

RETRACTABLE HYDROPNEUMATIC
SUSPENSION SYSTEM

PROOF OF PRINCIPLE
FEBRUARY, 1991
CONTRACT NO. N00167-88-C-0024
AMENDMENT P0011
FOR

DAVID TAYLOR RESEARCH CENTER

PREPARED BY: DATE:
APPROVED BY: DATE:

THIS REPORT IS PROVIDED PURSUANT TO GOVERNMENT CONTRACT NUMBER NOO-
167-88-C-0024 AND IS COVERED BY ONE OR MORE U. S. PATENTS TO WHICH
CADILLAC GAGE HAS RETAINED RIGHTS UNDER CONTRACT.
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1.0 Scope

This report summarizes the effort and results of modifying a 6K
hydropneumatic suspension unit to prove the feasibility of a
retractable suspension unit for use on amphibious military tracked
vehicles. Also included is a concept design for a fully
retractable suspension system.

2.0 Qhiective

The objective of this contract amendment (#P0011l) was threefold:
1) to prove the feasibility of retraction on a modified 6K
hydropneumatic suspension unit, 2) to demonstrate the reliability
of retraction, and 3) to provide a concept design of a fully
rotiactablo suspension system for use on tracked amphibian
vehicles,

3.0 Brogxram Plan

To verify the principle of retraction, a design was daveloped

modifying a current 6K ISU to include the retraction feature. The
purpose of this unit is for testing only and is not intended for
vehicle installation. A brass board high pressure supply was
fabricated using "off the shelf" components where possible.
Although the brass board system sinulates the vehicle control
system in function, size and flow capabilities are not
representative of those that would be used for vehicle operation.

The test unit was then cycled through the retraction operation
while measurements of its characteristics were taken.

Concurrent with the testing effort, a concept design was
developed for a retractable 6K hydropneumatic suspension system
consisting of 6K retractable ISUs, track tensioner, and vehicle
control system. A system weight analysis was also included.

4.1.1 Reguirements

The initial design effort to duplicate the geometry and
kinematics required for a vehicle installation, as outlined in
Enclosure A, revealed that the condition exceeded the designed
capabilities of the unit being modified. Due to the unit
configuration and space limitations within the roadarm, the attempt
to duplicate spring pressure needed for roadwheel loads resulted in
excessive retraction pressure. This, in turn, exceeded the
capabilities of the unit's internal components and roadarm.

hs a result, the criteria was redefined for the test unit,




specifically:
Jounce Position 12.5 inches vs 17.0 inches
Rebound Travel 3.5 inches vs 5.0 inches
Static Position =9,379 inches vs -=11.0 inches
Jounce Load 18,000 lbs. vs 21,000 1bhs.
Roadarm Length 16.0 inches vs 18.0 inches

This allowed the unit to be modified to a workable test specimen
providing "Proof of Principle" for retraction. The geometry of the
spring system is shown in PFigure 1. Theoraetical spring curve
calculations, executed using the VEHDYN II program, can be found in
Enclosure B.

4.1.2 Configuration

By redesigning the piston assembly and oylinder components, a
retraction chamber was created hetween the damper crankcase and
piston. The main end cap was modified to allow an internal flow
path between the piston hydraulic cylinder and gas accumulator
cylinder (see Figure 2).

When the retraction chamber is sufficilently pressurized, the locad
due to the hydropneumatic spring is overcome, and the suspension is
retracted. The retraction pressure raquired <thus becomes a
function of the area ratio between the spring piston and retraction
c?ambor. A plot of the two pressures versus position is shown in
Figure 3. '

Retraction fluid and pressure is supplied via an external
connection to the roadarm. Although the connecting bar length was
not revised, a new connecting bar was raquired to insure that the
tansion loads due to the retraction operations were managed.

The damper assembly and components were not altered and are those
that were fabricated under the initial scope of this program.

4.1.3 Regian Parameters = Tegt Unjit

L0-102890

Kinematics:

Wheel Travel =-3,.5 inches to 12.5 inches

Static Position =9.379 inches

Rebound =3.5 inches

Jounce 12.5 inches

Roadarm Length 16.0 inches
Spring Data:

Static Load 6,000 lbs.

Jounce Load 18,000 lbs.

Max Operating Pressure 10,000 psl adiabatic
8,900 psi isothermal
Proof Pressure!
Spring Cavity 15,000 psi

Retraction Cavity 19,000 psi
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Retraction Components 1,830 psi

Control Valve 19,000 psi
Retraction:
Retraction Time 3 minutes
Extension Time 30 seconds
Ratraction FPressure
Rebound 5,140 psi
Static 6,470 psi
Jounce (Full
Retraction) 13,250 psi

Flow Rate (Per Unit):
Retraction (Rebound to

Jounce) . 0.02 gpm

Extend (Jounce to

Febound) 0.12 gpm
4.2 Systam concept Design

4.2.1 Ratractable Hydropneumatic Suspension Unit

The concept design unit's piston and bore construction is similar
in design to the unit that was developed for testing, with
compensatiun made for proper vehicle kinematics, i.e. 17 inches of
jounce travel, 18-inch roadarm length, etc. Retraction supply is
internal to the unit for protection, with the connection to vehicle
supply and check valve assembly located on the backside of the
spirdle inside the vehicle. Per DTRC's request, the unit is
equipped with a limit switch, also located on the backside of the
spindle. (See Figure 4, 5a, and 5b), which senses when retraction
is complete and provides a signal to the operator. Water-tight
integrity is maintained by an o-ring seal located on the spindle.

4.2.2 Trxack Tensioner

The track tensioner is a double piston type, similar to the track
tensioner design used on the U.S. Army's Component Advanced
Technology Test Bed (CATTB) program. The outer piston is utilized
for conventional grease pack tensioning, and the inner piston for
track tensioning during retraction operation. Retraction fluid
supply is an integral part of the tensioner with the connection to
vehicle supply located inside the vehicle. Water-tight integrity
is maintained through the use of o-ring seals between the mounting
bracket and vehicle hull (see Figure 6).

4.2.3 Control System

When the suspension system is to be retracted, the solenoids on the
three-position, directional control valve (1) are energized,
allowing vehicle hydraulic supply to the intensifier (2). With the
use of position sensors (3) located on the intensifier, the three-
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position valve (1) cycles the intensifier, providing high pressure
fluid to the suspension units (4) and track tensioner (5) (See
Figure 7).

Retraction fluid enters each suspension unit through a spring
loaded check valve (6) that has a differential cracking pressure of
20 psig. Simultaneocusly, the track tensioner is extended,
compensating for the slack track due to retraction. When a
praessure switch (7) in the retraction circuit cpens at the proper
retraction pressure (indicating all units are at jounce position),
the directional valve (1) is de-energized, thus stopping the
intensifier. An accumulator (8) in the circuit replaces any fluid
lost as a raeasult of leakage. If retraction pressure drops below a
pre-determined setting, then the pressure switch (7) closes, which
energizes the directional control valve (1), resuming cyecling of
the intensitier.

When the suspension system is to be extended, the directional valve
(1) is electrically disabled and the solencid on the two-position
shut-off valve (9) is energized, dumping the retraction fluid to
vehicle reservoir. (The solenocid operated shut-off valve (9) is
normally closed so that in the case of power fallure, the vehicle
maintains retraction). Fluid in the suspension units is forced out
be gas spring pressure through a second check valve (10). Each
tensioner has a flow control orifice (11) to insure that the track
is kept taut throughout the extend operation.

On subsequent rebound strokes of the ISU's during land operation,
the remaining fluid in the units is pumped out past the second
check valve (10). The spring loaded check valve (6) prevents fluid
from being drawn into the units during the jounce strokes.

A manual shut-off valve (12) is provided in the circuit to allow
extension of the suspension units if a power failure occurs or to
allow de=-activation of the shut-off valve (9) during long periods
between retraction operations.

4.2.4 Height Summary

The retractable hydropneumatic system weight includes twelve
suspension units, two track tensioners, high pressure supply,
control system, fluid, and necessary fittings and plumbing.

Total estimated weight is 3,982 pounds and is tabulated below:

Rescription Unit oty Total Weidght
Suspension Unit 307 lbs 12 3,684 lbs.
Track Tensioner 91 2 182
Intensifier -—— 1 20

Control system —-_—— 1 86
Total System Weight 3,982 1lbs.

See Enclosure C for a detailed weight breakout.
5.0 Testing
5.1 Test Plan
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Found in Enclosure D is the test plan defining the procedure for
verifying the feasibility of a retractable hydropneumatic
suspension unit.

5.2 Test Schematic

As stated previously, a brass board test circuit was developed
using standard components where possible. Figure 8 illustrates the
schematic used for testing and Figure 9 shows the test fixture.

5.3 Iest Rasults
5.3.1 Teat cConfiguration

The 6K retractable test unit was mounted on the universal test
stand with physical stops restricting the units movement in the
rebound direction to =3.5 inches and in the jounce direction to
11.75% inches. Retraction fluid supply was provided by a commercial
air/oil intensifier with raegulated shop air used as input.
Pressure transducers were utilized for registering the pressures in.
the spring and retraction cavities. Wheel spindle location was:
recorded using a LVDT.

With the above arrangement, the unit was raised to the retraction
position and held at constant pressure for one hour, Wheel
position, retraction pressure, spring pressure, and time weras
monitored and recorded simultanecusly. At the conclusion of each
hour, the intensifier air supply was disconnected and the control
valve opened, allowing the unit to return to its rebound position.
This cycla was repeated twenty times. At the conclusion of the
twenty cycles, leakage and pressures were recorded in accordance
with paragraph 5.3.5 of the test plan (see Enclosure C).

To determine fluid leak rates, fluid volumes in the spring cavity
and crankcase were measured and recorded before and after testing.
The variation was then divided by the hours of operation.

Control valve leakage was determined in accordance with paragraph
§.3.5 of the teat plan. The results are tabulated in the test data
summary sheet (see paragraph 5.3.4 of this

report).

5.3.2 Retraction/Extend Timing

An intensifier with the flow and pressure characteristics necaessary
for integration into the universal test stand could not be procured
in an acceptable time frame. Therefore, a standard commercial
air/oil intensifier was utilized for testing. Although the
required pressure was satisfied, the reduced flow rate resulted in
a retraction time of approximately 180 seconds, rather than the 60
seconds outlined in Enclosure A.

A manual shut-off valve was incorporated into the hydraulic circuit
for control of the velocity of the unit. A three-second extend
operation could be achieved; however, to insure adequate data
collection, tests were conducted with an extend time of
approximately 30 seconds.

i3
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5,3.3 Leak Test Cvcle

As a result of the air/oil intensifier not being a constant
displacement device, the flow delivered decreased as the retraction
pressure raised. With the higher flow rate at the beginning of the
cycle, the spring gas tends to react toward the adiabatic process,
with reduction of this trend as the unit reaches jounce more
slowly. This is illustrated by the spring and retraction pressure
curves in Figure 10.

The calculated retraction curve was derived by assuming an
isothermal spring process and increasing the resultant retraction
pressure by 10% to overcome roadarm weight, damper friction, and
seal friction., This estimate is based on preavious 6K test data and
ozuatol to a 2.2:1 ratio to spring pressure. As illustrated in
Figure 11, the measurad retraction preassure is greater than was
anticipated, starting with an approximate ratio of 2.8:1 and
concluding with a 2.3:1 ratio.

The greater retraction rrcuuurc is, in part, a result of the
additional seal friction in the retraction cavity and the weight of
the added retraction components, which are shown in Figure 12,

The reduction in pressure ratios ara owed to the increasing
mechanical advantage through unit kinematics, which begins to
overcome the friction as the roadarm achievaes jounces.

When the unit is at jounce and the intensifier blocked from the
circuit, the spring gas continues to cool until it reaches thermal
equilibrium with the amblent. The curves shown in Figures 13 and
14 reflect this process. As can be seen in Figure 15, the
retraction pressure decreases accordingly, maintaining a 2.3:1
ratio througiiout the sample time. The position of the roadarm
versus time was also recorded to evaluate drift of the suspension
unit due to internal leakage. No appreciable drift

was noted, as is illustrated in Figure 16. The extend pressuraes
wers also recorded for the retraction chamber and spring asystem.
These pressures versus position are shown in Figure 17.

5.3.4 Tast Data Summazy

Test Unit Number LO-102890

Ambie t Temperature 294°K t 10°

Total No. of Hours of Operation 23 Hours

Proof Pressures:
Spring Cavity 15,000 pail
Retraction Cavity 15,000 psi @ 11.75 inch peosition

19,000 psl @ 6.5 inch position

Retraction Components 1,830 pei(8,814-1b load, tension)
Control Valve 19,000 psi

Measured Data:
Rebound Position =3,75 inches

16




Jounce Position 11.75 inches

Retraction Pressure (@ Jounce) 13,254 psi

Spring Pressure:
Pre-test Post-test

Rebound 2,363 psi 2,324 psi

Static 2,804 psi 2,756 psi

Jounce (11.75 inches

and 3,000 seconds) 5,645 pail 5,469 psi
Volumes: _

Spring 930 cc 1,019 cc

Crankcase 1,650 cc 1,650 cc
Leak Rates:

Spring Cavity 0 ecc/hr.

Retraction Cavity 4.45 co/hr.,

Control Valve (1) drop/hr.
Ratraction Pressure (Spring Vented) 510 psi
Retraction Pressure (Spring Vented,
Damper Disabled) 220 psi

Breakaway Pressures:
Retraction (From Rebound)

Retraction Cavity 6,431 psi
Spring Cavity 2,422 pai
Difference 4,009 psi
Extend (From Jounce)
Retraction Cavity 5,716 psi
Spring cavity 5,229 psi
Difference 487 psi

17
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TECHNICAL PROPOSAL

LIGHT WEIGHT RETRACTABLE SUSPENSION SYSTEM

Cadillac Gage Textron (CGT) is pleased to submit a proposal for the
design of a light weight fully retractable suspension system for a
65,000 pound tracked amphibian vehicle and for the fabrication and
testing of the systems critical components.

1.0 DESCRIPTION

The suspension/retraction system consists of 6K ISU’s modified 'to
incorporate an In-Arm Retraction Mechanism (6K ISU/R), a high pressure
hydraulic power supply, a control manifold and valve assembly, track
tensioners, interconnecting plumbing, and mounting brackets.

The resultant suspension/retraction system features:

A retraction system which does not compromise the reliability of
the self-contained ISU.

A Tow power retraction system which utilizes the vehicle hydraulic
power supply as the primary energy source.

A lightweight/low cost suspension/retraction system which has a
minimum impact on the vehicles interior volume.

A capability for fast extension both on land and in the water.
A high degree of commonality with the AAV-7 Suspension System.

A retraction system which does not require vehicle hydraulic power
to sustain the retracted suspension after the initial retraction of
the system.



Figure 1 shows the road arm géometry of the 6K ISU/R when mounted on the
vehicle hull with the center of rotation of the roadarm located 10
inches above the bottom of the hull. The 10 inch dimension is required
to provide adequate clearance between the track and the ISU in the
retracted position. An increase in the length of the roadarm from 16
inch to 18 inch will be required to permit the desired 5 inch rebound
travel within the allowable rotation of the roadarm. In addition, as
shown on sheet 1 of concept drawing L0-030189-1, the Tength of the arm
is further increased to provide space for the retraction mechanism which
is incorporated between the piston and the connecting rod of the in-arm
slider/crank.

This increase in the length, as shown on sheet 2 of concept drawing
L0-030189-1, mandates that the minimum spacing between adjacent 6K ISU/R
be 30.75 inch. '

During the design activity, efforts will be made to reduce the 4.88 inch
and thus the 30.75 inch dimensions to both permit improved 1load
distribution between the road wheel when mounted on a vehicle whose
center of gravity does not coincide with the mid-position of the track
envelope and to reduce the weight of the 6K ISU/R. The accumulator
length and/or diameter will then be optimized to provide the required
spring characteristic and structural properties at a minimum weight.

A schematic diagram of the retraction system is shown in Figure 2. When
the suspension system is to be retracted the solenoid valve is energized
and the vehicle engine driven 3000 PSI hydraulic power provides pressure
fluid at an average flow rate of 10.8 GPM to the inlet port of the
intensifier. The intensifier has an amplification of 3.5 to 1.0 and
provides at its output port 10,500 PSI pressure fluid at an average flow
rate of 2.4 GPM to retract the twelve 6K ISU/R and extend the two track
tension mechanisms in 60 seconds. Upon reaching the required 10,500 PSI
output pressure, the intensifier ceases to recycle, the engine may be
turned off and the check valve in the h{gh pressure line and the two way
solenoid valve in the return line prevent the extension of the
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suspension system. When the suspension system is to be redeployed the
solenoid valve {s de-enargized parmitting the stored energy in the
hydropneumatic springs of the ISU’s and in the track to pump the 2.4
gallons of fluid in the retraction system through the check valve in the
return 1ine back to the reservoir in approximately three seconds. The

check valve in the return 1ine on subsequent jounce strokes of the ISU’s

prevents fluid from being drawn back from the reservoir into the
retraction system.

A preliminary weight estimate for the suspension/retraction is shown on
Figura 3. This estimate of the wet waight of the system includes all of
the system components, plumbing, harnessing, and mounting hardware from
the hull up to but not including the road wheel required for the
installation and operation of the suspansion/retraction systam. It does
not include the weight of the vehicle hydraulic power supply or of the
compensating idler arm.

2.0 STATEMENT OF WORK

CGT shall perform a system design for a fully retractable hydropnueumatic
suspansion sy-:em for a tracked amphibian vehicle. The system shall
include the current 6K ISU modified to incorporate an In-Arm Retraction
Mechanism, an aextendable track tension and compensating idler arm
mechanism, a high pressure power supply, a retraction/extension control
system, and the required plumbing, harnessing, and mounting brackets, A
report and level 1 drawings shall be generated for this effort. The
report will include an overall dascription of the system.

CGT shall modify a 6K ISU to incorporate the features and fabricate a
brassboard high pressure supply and retraction/extension control system
in order to laboratory test the paerformance, durability, and reliability
of the critical system compoiients. A test report will be generated
summarizing this effort and providing the test results,
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CGT shall host three reviews at its facility during the course of this
effort. Reviaw dates shall be at the approximate 50% and 100%
completion of the design effort and during the performance tasting of

the system critical components. Monthly progress reports will include
status of ISU/R. '

2.1 Installation

CGT shall detail the means by which the host vehicle would have to be
modified to accept the suspension/retraction system including required
mechanical and hydraulic interfaces. Any intrusion into the vehicles
interior will be defined and means by which the water tight integrity of
the vehicle will be maintained will be described.

2.2 Vehicle Hydraulic System

CGT shall design the retraction systam to bhe compatible with 30 wt.
hydraulic fluid., Vehicle hydraulic requirements will be dafined and
hydraulic hardware unique to the retraction system will be detailed and
a weight estimate provided.

2.3 Design Characteristics

CGT shall develop the design of the suspension/retraction systam to meet
all of the characteristics specified in the SOW.

2.4 Weight

CGT will provide a detailed weight calculation for all of the system
components including the weight of that current hardware which fis

useable and of new components. Efforts will be made during the design
activity to minimize the system weight.

2.5 Schedule

A 1ist of the tasks to be accomplished during this devalopment eftort
and a schedule for their accomplishment is shown in Figure 4.
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STATEMENT OF WORK

-+ DESIGN EFFORT FOR -
RETRACTABILITY OF K I1SU

BACKGROUND

The contractor shall perform a clesign effort to describe and datall required changes
to make the current 8K ISU hydropneumatic suspension system [ully retractable. This
shall allow for full retraction of the suspension systermn, roadwhesis, and tracks 1o be flush
3'1';'" t:o underside of a test vehicle. A raport and Level | drawings shall be generated for

s affort.

DESIGN EFFORT

The Contractor shall perform a system design o adapt the currant 8K ISU system
to be & fully retractable hydropneumatic suspension. This design shall utilize the currently
as-designed and bulltin-arm hydropnsumatic suspension system, striving to maximize use
of current haraware. Adaptation and changing of parts is acceptable, Including the
increase in length of the roadarm housing.

An overall description of the hydropneumatic system shall be provided. This shall
inciude an identification of key paramaters such as operating pressures, roadwheel travel
(rebound to static to jounce), damping rates, design loadings, structural safety factors,
corrasion, ete,

INSTALLATION SPECIFICATIONS

The contractor shall detail the means by which the host vehicle would have to be
modified to accept the retractabie system, including mechanical and hydraulic interfaces
required. A design shall aiso be gencrated for attaching the retractable suspension
system to a generic vehicle utllizing 1.25 inch thick aluminum lower sidewalls and bottom
rm and any additional requirements for mounting. The requirsment for water tight
ntegrity is mandated.

in adapting the suspension system, the Contractor is allowed to slightly intrude into

the vehicles's interior space with the suspension units. Any such requirement of the hull

gr sush;.;»ce‘nslon installation shall be presented and shall assure the water tight integrity of
e vehicle.




DESIGN CHARACTERISTICS

The Contractor shall develop a dasign for the retractable nyst;m 1o meet the
characteristics listed below:

GROSS VEHICLE WEIGHT: 85,000 pounds maximum loaded
(no 18% weight margin required)

TRACK TYPE: 21 Inches wide

Single pin front spracket drive,

50 pounds per foot of weight
MAXIMUM LAND SPEED: 45 mph _
STATIC VEHICLE HULL CLEARANCE: 16 inches above ground
ROADWHEEL DIAMETER: 24 inches
SUSPENSION TRAVEL REQUIREMENTS

* STATIC TO JOUNCE: 17 INCHES (all roadwhes! stations)
STATIC TO REBOUND: 4 INCHES (all roadwhesl stations)

SPRING CAPABILITY: 3.5 G capability (desired)
3.0 G capablility (acceptabls)

SUSPENSION DAMPENING - Same as base contract
DURABILITY - Same as base contract

MAINTENANCE - Same as base contract

SALT WATER CORROSION - Sams as base contract
BALLISTIC PERFORMANCE - Same as base contract
NATURAL HEAVE AND BOUNCE FREQUENCY: Sams as base contract
CORROSION PROTECTION: élmo as bass contract
TEMPERATURE EFFECTS: Same as base contract  +
DESIGN LOADS: Same as base contract

SUSPENSION PARTS AVAILABILITY: Sare as base contract
MAINTAINABILITY: Same as base contract

TRACK CENTERLINE DISTANCE TO HULL: 12.625 INCHES




VEHICLE HYDRAULIC SYSTEM

The hydropneumatic suspension shall be compatible with 30 wt. hydfaulic fluld used
In the vehicle (as specified in the base contiact Staternent of Work). Thetontractor shall
detall hydraulic requirernents that need to be provided by the vehicle 1o retract the
suspension system, Harcware unique to the suspension system shall be cetailsd and a
ml?ht estimate provided for. Required changes, madifications, or additions to the
vahicles hydraulic systems shall be cetailed,

WEIGHT

y The weight of the hydropneumatic suspension unit, depicted from the vehicle hull
attachrnent point up to, but not including the roadwhasl, shall be detalled. The weights
computed shall include romcarms, hydropneumatic suspansion units, plumbing,
suspension uique hydraulic components, track tensioner mechanism, and cther
components neeced to make the suspenaion function. The roadwhaels, (dler, sprocket
and track shall not be countad in the weight estimate, Commonality with the current
system shall be maximized, A dstailed breakout shall be provided, including weights of
current hardware that ls useable and weights of new components required.

TIME SCHEDULE

The Design process shall reguire no more than four (4) calendar months.
DESIGN REVIEWS

The contractor shall host two reviews at his facility during the course of this efort.
Scheduling and dates will be cetermined. Review ciates shall be at the approximate 50%
and 100% completion points.

DESIGN REPORT

The Contractor shall prepare a Design Report (same format as CDRL AQ10) based
upon the design and findings during this stfort. The report shall be due 150 days after
award of modification. Includsd in the report will be Lavel | Enginesring and Associated
Drawings (same as Sequsnce Number A001) for all major components of the suspension
system, suspsnsion units, and other components required. Two coples (reproduced

goe:u are acceptabls) cf each pertnent drawing shall be provided at the Final Design
eview,

PROGRESS REPORTING

Shall be reported In current Monthly Progress Reparts
(Sequence Number AQ18).
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SPRING CURVE CALCULATIONS =
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=18TON BORE @

- DIAMETER (IN.)ws 3.5 REBOQUND TRAVEL = 3.0
AREA (IN."8)= 9,4621119 STATIC =USTITION = -9.379
CRAME FPIN LOCATION 3 JOUNCE TRAVEL = 12.0

X COORDINATE {(IN.)= 1.004

¥ COORCINATE (IM.!= 2.959
CONMNECTING BAR LENSTH :IN.)= 9,282
ROADARM 1

LENGTH (IN.)= 16

OFFSET {(IN.)= O

PSI (RAD.)= .1948 ALPHA (RAD.)= O
POSITION VOLUME STROKE D2 RW LEVER BETA
¢ING) (IN32) CING) (IN.) (IN) (DEE.)
-4 83, 3¢ C.81 g.384 G .42 -3.7%
-3 o1.00 .56 2.230 10,719 -4, 43
-2 se.?7? 0.33 2.653 11.738 -3.38
-1 S56.63 Q.11 2.788 12.5986 -22,51
1 S4.354 -0.11 2.847 13.310 ~3.80
2 z2.51 -0.32 2.723 13.9e26 -1.23
3 50.50 -0.33 2.986 164,448 -0.76
4 48.53 ~0.73 3.037 14.3881 =0 .40
S 46.57 -0.94 3.077 15.238 -0.13
& 44,5654 ~-1.14 3.105 15.523 0,05
? 42.7¢ -1.34 3.121 15.739 .15
8 4c.82 -1.53 3.184 15.889 0H.17
2 38.%4 -1.73 3.116 15.976 0.11
102 37.07 -1.92 2.094 16.000 -2.08
11 3s.22 -2.12 3.028 15.961 ~-0,22
12 33.38 -£.31 3.008 15.859 ~0.51
13 31.57 -2.30 2.942 15.693 -0.86
S8TATIC JOUNCE
FOAD WHEEL FORCTES (LBS.) 6000 18000
FRESSURES (FSID) 2880 9978
PRESSURES (ATM.) 195.9184 678.7735
TEMPERATUJRES (DEG-K) 294 4i2.41%21
DENSITY (MOLE3/LITER) 7.726 13.602

NUMBER OF MOLES = 7.039506

SETRACT
DATE: D&=07-1991
TIME: nNE:36:46

e



POSITION THETA
IN. DEG
-3.3 -33.6
-a.s -4719"
-1.9 -42.84
-.3 -38.13
3 -33.71
1.5 -29.5
2.5 -B8%.44
3.5 -21.56
4.5 -17.75
S.8 -14.03
4.5 -10.37
7.5 -5.74
8-3 -3. 15
.9 .43
1.3 4,08
11.38 7.62
12.3 11.25

PISTON BORE :
DIAMETER (IN.:!= 3.5

CRANY PIN LOCATION :
2 COQORDINATE (IMN.)=

RO<DAFM 3

ETHETH CINLye L&
OF<ZET (IN.)s O
F3I «RAD.rw= 1948

FETRAGCT
DATEs 06-07-19%1
TinE: Bi37:0@Q

wh OB G Wb OGN ED s D GF W A OE = am o
| D
W el

AREA ' IN."2)m 9.68111°

Y TOCRDINATE (IN.)= 2.959
SUMECTING PR LENGTH (IN. 1= 7, 248

VOLUME

IN®3

63.3
&1

58.8
S56.6
4.8
2.5
S0.8
48.5
46.6
G4 .6
42.7
40.8
38.9
37.1
35.2
33.«
31.&

ALPHA

DENSITIES
MOLES/LITER

10.051
10.519
11.088
11.883
12.193
12.863
13.602

SPECIFIC VOLUME
CC/MOLE

REBOUND TR&VEL = 3.2
STATIC POSITION = ~9,379

JOUNCE TRAVEL

= 1&.8&
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POSITION SIDE FORCE
(IM,) (LBS)
-4 -2136
-3 =-1770
-2 =lab4
=1 -1155
1 -39
=4 -&%2
3 -438
G -249
S -91
& 36
7 ige
8 193
? 114
10 -21
1 -292
182 =7c4
13 =137
RETRACT
PATE: 0&-07-1991L

TIME:

G 37:07

C BAR FORC

(LBS.)

217231
28890
24348
26349
28319
30447
32849
33838
38887
42843
47144
S52002
S2033
65674
74687
85439
[547

TEMP, FRES.
(DEG-K) (FSI)
270 2206
276 2378
ese 29547
288 2736
294 29242
300 3166
306 3416
313 2493
321 4042
321 4453
340 4900
349 5405
6l &037
378 68826
389 7768
G4 8830
Y20 10892

RW.
(LES)

e o v 2es Bt

1028
11zZ288
12700
1=+3L10
16208
18633

TORQUE
(IH, ~LES)

82060

Q814
10798
11968~
133011
1471186
162420
180575
203197
cE8a0L
257004
2oLz



INCLOSURE C

DETAILED WEIGHT ESTIMATION =~
CONCEPT DESIGN SYSTEM




SBUSPENSION UNIT

PESCRIPTION WRBIGHT, LBS8
Spindle, Roadarm 53,40
Spindle, Whesl, Vehicle 7.56
Pin, Spindle, Torque 0.39
Piston, Actuator 8.15%
Cap, Piston, Actuator 0.57
Bearing, Connecting Bar 0.27
Ring, Retainer, Connecting Bar 0.04
Connecting Bar Assembly 4,90
Ring, Glyd 0.04
Seal, Piston, Actuator 0.02
Ring, Expansion, Actuator Piston 0.30
sir ng, Compression Seal 0.05
Ring, Spacer 0.17
Spacer, Saal 0.43
Valve, 0il PFill 1,60
Diaphragm, Accumulator 0.20
Cover, Accumulator 3.12
End Cap, Acocumulator 3,87
End Cap, Roadarn 5,32
Sorew, Valve 0.07
Stem, Valve 0.02
Plug 0.02
Surew, Cap, Hex Head 0.02
Screw, Cap, Hex Head 0.06
Screw, Flat Head, Hex Socket 0.08
Cam, Pump 1.39
Screw, Cap, Hex Head 0.01
Roadarm 109.80
Cover, Torque 19.22
Plug, Hollow Hex, O=ring 0.02
Plug and Bleeder 0.02
Pin, Drive 0.38
Retalner, Bearing 2.24
Shim, Bearing Retainer 0.26
Piston, Damper 3.01
Ball, Check Valve 0.10
Spring Guide, Check Valve 0.0%
Seat, Check Valve 0.08
8pring, Check Valve 0.02
Seal, Crankcase 0il 0.01
Seal, Connecting Bar 0.01
Pin, Connecting Buar 1.58
Dimc, Stator Assenmbly 1.69
Dime, Rotor 5,51
Racs, Inner 0.08
Raca, Outer 0.08
Piston, Pump 0.24
Retainer, Damper 7.21
Stator, Danper 2.44
Spool, Relief Valve 0.07
Sleeve, Rellef Valve 0.36
8pring, Relief Valve 0.02
8pring Guide, Relief Valve 0.01
Screw, Cap, Hex Head 0.05
Sleeve, High Pressure . 7.42

Cc=-2
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DESCRIPTION WBIGHT, LBS
Sleeve, Retraction 5.57
Cover, Charge Valve 0.43
Screw, Socket Head 0.01
Spring, Damper 0.35
Sleeve, FPiston 2.58
Pin, Stator 0.08
Hub Assembly, Roadwheel 24.84
Fluid 7.00
TOTAL UNIT WEIGHT 307.47

TRACK TENSIONER

DESCRIPTION WEIGHT, LBS
Sleeve, Housing 27.23
Piston, Outerx 11.40
Plston, Inner 17.49
Bushing, Pin 1,78
Pin, Plvet 6.53
Cap, Pin .62
Aracket, Tensioner 18.09
Housing, Bearing 4.88
Bearing, EInd Cap 1.26
Screw, Bracket 1.37
Fluid 0.40
TOTAL UNIT WEIGHT 0,99

CONTROL SYBTEM

DESCRIPTION WRIGHT, LBS
Cycle Valve 3.50
Control Valve 3.5%0
Pressure Switch 2.5%50
Accumulator 13.00
Chack Valve (24) 10.00
Manual Valve 4.00

DEBCRIPTION WEIGHT, LB8
Tubing 21.00
Fittings 5,00
Limit Switches 3.00
Manifold 30.00
Fluid 0.70
TOTAL BYSTEM WEIGHT 96.20

20.00

INTENBIFIER UNIT WEBIGHT




DNCLOSURE D
TBST PLAN
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2.0

4.0

5.0

contract No. NO00l1l67-88-C-0024
Project No. 750-295

6K ISU MODIFIED FOR RETRACTION
DEVELOPMENT TEST PLAN

PURPOBE

The purpose of this plan is to define the test procedure
used in demonstrating the principle of a retractable
h{dropncumatic suspension unit for use on tracked
military vehicles.

UNIT DEBSCRIPTION

The test specimen is a current production 6K ISU modified
to incorporate the retraction features.

PRE-TEST INBPECTION
Dimensional

All new and modified parts are to be dimensionally
inspected and recorded.

Photographs

All new and modified parts ara to be photographed for
record purposes.

ASBSEMBLY

All parts shall be cleaned per Cadillac Gage cleaning
procaedure and assambled in a clean environment., CAUTION:
The roadarm is not to be allowed to travel below the 3.5
inch rebound position. This would result in damage to
the internal components.

TEST PROCEDURE
Proof Pressure
5.1.1 Spring Cavity

The unit shall be fully assembled except the gas spring
cavity shall be filled with oil. Apply an external load
to the wheel spindle of the unit at the jounce position
such that the pressure in the gas cavity raises to 15,000
psig. Maintain this pressure for 5 minutes. There shall
be no avidance of leakage of permanent dilastortion.

5.1.2 Retraction Cavity/Control Valve

With the spring cavity filled with oil and the unit at
the jounce position, pressurize the retraction cavity
until the pressure raises to 19,000 psig. Maintain this
pressure for 5 minutes. There shall be no evidence of
leakage or permanent distortion. The control valve is to

D=2
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be pressurized to 19,000 psig and hald for 5 minutes.
There shall be no evidence of leakage or permanent
distortion.

Retract.on Comprnent FProof Load

With the gas spring cavity vented to atmospheric and the
unit in the jounce position with further upward movement
restricted, apply a pressure of 1,830 20 psig to the
retraction cavity and hold for 5 minutes. There shall be
no evidence of permanent distortion in the components.

Retraction Operation
5.3.1 Retract

While applying pressure to the retraction cavity, measure
and record the pressure of the retraction cavity, wheei
positicn, gas spring pressure, and damping pressure from
-3.5 inches spindle location to +12.5 inches spindic
location. This retraction operation is to be
accomplished in approximately 3 minutes. This pousition
to be held for one hour.

85.3.2 Extend

While releasing the pressure to the retraction cavity,
measure and record the pressure of the retraction cavity,
wheel position, gas spring pressure, and damping pressure
from +12.5 %o =3.5 inch spindle location. This operation
to be accouplished in appreoximately 30 seconds.

$.3.3 Retraction Operation Repeat
Paragraphs 5.3.1 and 5.3.2 to be repeated twenty times.
$.3.4 Video Tape

Three retraction and three extend operations are to ke
video taped and provided to DTRC with the final report.

5.3.8 Leak Test Cycle

Upon completion of Paragraph 5.3.3, the unit is to be

retracted, the intensifier blocked from the system, and
the tank port of the control valve vented to atmosphere.
This retraction mode to be held for ona hour. Measure
and record the pressure of the retraction cavity, wheel
position, gas spring pressure, and leak rate from control
valve.

Upon completion, open the control valve and allow the
unit to extend to the rebound position. Measure and
reccrd the pressure of the retraction cavity, wheel
position, and gas spring pressure.

Prior to disassembly for inspection, the fluid in the
spring and crankcase is to measured and recorded.

$.4.1 Visual Inspection
All parts shall be visually inspected.
5.4.2 Dimensional Inspection




All new and modified parts are to be dimenéionally
inspected and measurements recorded.

5.4.3 a"im.ry

A sunmary of the inspection shall be made to include any
change in appearance or dimension of parts.




United States Marine Corps
Amphibian Vehicle Test Branch
Camp Pendleton, California 92055-5080

8410/89020¢C
AVTB=6
23 AV
From: Head, Amphibian Vehicle Test Branch, Camp Pendleton, CA
To: Program Manager, Advanced Amphibious Assault,-Marine Corps

Resaarch, Development and Acquisition Command

Subj: INTERIM TEST REPORT ON THE HYDROPNEUMATIC SUSPENSION
SYSTEM (HSS) FOR THE AAV7Al FAMILY OF VEHICLFS

Ref: (a) Program Manager, Advanced Amphibious Assault, ltr ser
409/MOB of 26 Sep 90

Encl: (1) Advanced Demonstration Test Plan for a Hydropneumatic
Suspension System (HSS) mounted on an Assault
Amphibian Vehicle (LVTPX-12) of 6 Aug %50

1. In this Interim Report and in accordance with the reference,
AVTB has summarized the results of HSS Testing since tha restart
of the program 27 Apr 90. The enclosure is the guiding document
for testing and is included for informational purposes.

2, The following is an ovarview of the major results,
conclusions and recommendations at this point in HSS testing.

3. Ride Quality: Subjectively, the HSS equipped vehicle
(HSS/AAV) provides a smoother ride than the standard AAV., AVTB
has not collected sufficient hard data to verify this contention.

4. Vehicle Land Speed: The HSS/AAV 1is slower than the standard
AAV when traveling over packed sand and pavement.

5. Water Operations/Amphibious Shipping: HSS does not
negatively impact surf transit, water opaerations or amphibious
shipping capabilities of the AAV. However, as a maintainability
concern, the return (support) roller hubs were constantly being
contaminated by water oparations.

6. Maintainability:

a. Because oil and nitrogen leaks occur whether the
vehicle is operating or sitting idle, checking and
adjustment are required at much shorter intervals than
indicated in the test plan.

b. The HSS unit crankcase seals are destroyed by dirt,
water and the resulting corrosion.

C. In some cases, the dowel pins in the HSS hull flanges
have backed out of the flanges. This reduces the




ability of the HSS unit-to-hull connection to resist
the torque of normal suspension action.

a. The HSS units cannot be removed or installed in the
pressurized condition: which means the maintenance cart
must be present to pressurize the units after
installatioen.

e. The HSS units are extremely difficult to install
without the crane on the maintenance cart.

t. The track cannot be connected unless the #2 HSS unit is
unpressurized. :

7. Conclusions: The HSS in its current configuration is a
failure due to its negative impact on vehicle land speed and on
vehicle maintainability.

8. Recommendations: Further testing of the current HSS
configuration will be very difficult as AVTB has no more spare
rebuilt units and most of the units currently installed are
leaking both oil and nitrogen.

The HSS concept holds promise for eventually improving cross
countri ride quality 'and speed. However, to reduce the
maintainability problems and improve the vehicle ride height
response to changing vehicle weights, the next HSS effort should
concentrate on an active or so-called "smart" suspension with on-
board sensors, microprocessors and compressors which would
continucusly monitor and adjust suspension characteristics to
compensate for changing speed, environmental and weight

conditions. m

MERRIETT III
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Subj: INTERIM TEST REPORT ON THE HYDROPNEUMATIC SUSPENSION
SYSTEM (HSS) FOR THE AAV7AI FAMILY OF VEHICLES

1.0 PURFOSH: The purpose of this document is to provide
information on the results of HSS Testing from the restart of
testing 27 April 1990, through 15 November 1990.

2.0 BACKGROUND: HSS Testing on the PX1210 vehiclae originally
began on 3 November 1985. Because of a tnndonci for the
guspension units to remain in the retracted position, the vehicle
was shipped back to the contractor for rework of the shock
absorber fluid orifices on 4 January 1990. After returning to
AVTB, the vehicle was equipped with an Enhanced Applique Armor
Kit (EAAK). Testing was restarted on 27 April 1550, and all
previous test results were invalidated.

3.0 IRAT TYPES. PURPOSES, METHODS AND RESULTS:

3.1 RIDE OQUALITY: The ability of a tracked vehicle to
transit cross country terrain without degrading embarked troop
performance is paramount to the mobility and survivability of the
FMF.

3.1.2 PURPOSE. Testing of this system parameter shall
provide a quantification of the ride gquality that this system
possesses versus a conventional AAV with a torsion bar/shock
absorber suspension system.

3.1.b METHOR. A test matrix should be established to
measure Input Power Levels taken for thae following variations in
vehicle configuration:

(1) Measurements taken on the modified AAV/HSS
vaersus Baseline AAV7Al.

(2) Measurements taken at Troop Compartment floor
and Driver's Position.

(3) Measurements for vehicle weight conditions A
and B (53,500 and 58,100 pounds)

Over a set terrain profile to be established
at AVTB, the different test configurations will be run with the
dual accelerometor data of input power levels belng recorded.

The vehicles shall enter and maintain pre-determined speeds in
:ho test profile. Each test duration shall be of 2 minutes or
ess,

3.1.c REBULTS. The ride quality instrumentation
provided to AVTB was inoperable and inadequate. AVIB is
developing its own ride quality instrumentation and data
collection capability which will be used in subsequent testing.




Two saets of instrumentation will be used so that the HSS/AAV and
the standard AAV can be run simultaneously at identical speeds
and over identical terrain paths. This will provide a true
comparison between the input power levels.

3.2 CROSS COUNTRY TEST COURGE TRANSIT TIME: The
survivability and mobility of a tracked combat vehicle is
dependent on its ability to transit cross country terrain in the
shortest possible time, within the human and vehicle limits of
absorbing terrain induced loads.

3.2.a PURPOSE: This test shall provide data on the
time required and comparability of different suspension equipped
vehicles to transit cross country terrain, allowing the vehicle
driver's endurance and tolerance limits to dictate speed and time
required for transitting the coursa.

3.2.b METHOD: The modified and baseline vehicles
shall be operated over a cross country test course established at
AVTB., Minimum time required to transit the course shall be
recorded for each vehicle. Interim times shall be measured
through sections of the course dependent on terrain to be crossed
(sandy, hill climb/descent, washboard, etc.).

Two vehicles shall be used: a baseline AAV (with no
other suspension test components) and the AAV/HSS. Two vehicle
crews (total of four diffarent drivers) shall be utilized, taking
turns driving each vehicle, twice in each direction, through the
test course. The drivers shall operate the vehicles at safest
maximum possible speed.

Tests should be conducted for both welght conditions.
No other test instrumentation is required.

3.2.¢c RESULTH: This test has not been conducted.

3.3 AMPHIBIOUS COMPATIBILITY: Force projection and :
amphibious deployments are requlred attributes for USMC tracked
amphibious vehicles. All systems utilized on this type vehicle
must be compatible with amphibious shipping and surf operations.

3.3.a PURPQBE: The ability to embark and disembark
amphibious shipping shall be demonstrated to validate
compatibility with normal vehicle operations. Secondly, thae
vehicle must be able to operate within and transit the surf zone.

3.3.b METHOR: 1In conjunction with other AAV am-
phibiocus ship operations, the AAV/HSS shall embark and disembark
amphibious ships when the opportunity is made available.

The vehicle shall be tested at weight conditions A and
B. Weight condition A is the first test priority.




It shall be attempted to embark and disembark the ship
at each weight condition three times.

The vehicle shall be operated, parked and secured in
different ship areas to evaluate compatibility and safety
concerns, including "dogging down" of vehicle for the duration of
a Fire watch pericd.

The vehicle shall ba water towed and recovered (with
track intact) onto amphibious shipping.

The vehicla should be operated in the surf zone (to
safe and maximum extent possible, high surf desired) in
conjunction and commensurate with other AAV surf operations.

3.3,¢ REAQULTSE:

(1) PX1210 weighted to 58,100 pounds successfully
embarked and disembarked an LST ballasted to 18 feet with a ramp
angles of 11 degrees.

(2) PX1210 welightaed to 58,100 pounds was "dogged
down" in the LST for 13 hours. The results indicate that the
HSS/AAV is not negatively impacted by this procedure. Vehicle
heights were as follows:

PQRT SIBDR
Before dogging Forward 13 1/4" 13an
Aft 1m 17n
After dogging Forward 10 1/2" 10"
Aft 17n i
After undogging Forward 13" 2"
ALt imm i7n
Vehicle moved Forward 13 1/4" 13"
20 feet Aft 17 17

(3) The only towing test was conducted through
the surf zone with PX1210 succassfully towing an AAVP7Al stern to
bow and stern to stern.

(4) Surf operations included 3 successaful
outbound and inbound transits of the surf zone. Wave height was
less than 6 feet.

3.4 YEHICLE HANDLING COMPARISON TESTH: All changes and
improvements to the AAV family must be done so without sacri-
ficing or degrading current vehicle performance.

3.4.a PURPOSE: Comparative testing of the operation
and handling gqualities of this modified vehicle versus a standard
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Note: Because the standard AAV at 58,070 pounds only achieved
28.0 mph maximum speed, the elapsed time for the HSS/AAV at
58,100 pounds to reach 28.0 mph is listed for comparison.

The results are lnconsistent in that the HSS/AAV
had greater acceleratiocn at the heavier weight condition while
the standard AAV lost acceleration. The loss of acceleration
with increasing vehicle welght would be the normal expectation.

(2) AVTB conducted panic stop tests on a paved
road at both weight conditions on the HSS/AAV and the standard
AAV. The test series at 58,100 pounds was conducted first with
skidding of the vehicle allowed. 1In reviewing the video tapes of
this test it was noticed that the final drives ¢f the standarzd
AAV were contacting the road surface. The HSS/AAV burned its
brakes after 6 panic stops, When the test was repeated at 52,500
pounds, the definition of a panic stop was refined to stopping as
rapidly as possible without skidding the vehicle. Also, a
cooling down period of 20 to 30 minutes with engine idling was
scheduled between test runs. The following is a summarzy of 30=0
mph panic stop braking distances:

Direction
Average Force on | Speed at |Number of [of Run (N

Vehicle | Weight Sraking Srake Srake Runs to 8 is
Distance Pedal Application|Averaged (slightly
downhill)
HES/AAV | 83,500 | 34.5 Fest 188 ks | 29.9 mph 6 Nts
AAY $3,%00 68.4 Feet 178 lbe 30.6 mph 4 Ntos
HES/AAV [ 38,100 | 45.3 Feet * |Transducer| Not Re- é Nts?s

Broken corded

AAV 54,100 49.% Peat Transducer{ Not Re- é Nto$
Yroken corded

* Brakes failed on seventh test run

The results indicate that at the lighter weight
condition the HSS/AAV stops more quickl{ than the standard AAV.
Because the brakes on the HSS/AAV werea in the process of failing
during the heavier weight tests, comparing braking distances is
questionable. It was clear, however, that the HSS/AAV stcps in a
more controlled manner as far as forward pitchin? is concerned,
especially when the vahicle's tracks are locked 1n a skid.

(3) Attempts at performing a slalom test on
packed dirt have proven to be difficult bacause of the problem
with maintaining a constant speed while turning. The vehiclae's
drive train causes a loss of englne speed proportional o the
degree of steering input. The tight turns, steering corrections
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tative and quantitative.

3.4.b METHQD: The following tests shall be performed
with the vehicle in weight condition A and video coverage shall
document vehicle operations:

(1) Accelerate tha vehicle from 0 = 30 mph on a
hard surface.

(2) Decalerate the vehicle, in a panic stop mods,
from 30 mph to a stop on a hard surface.

(3) Operate the vehicle through a slalom course
that provides 0.3g, 2.5g and 0.7g turns at 10, 20 and 30 mph on a
packed dirt/hard surface.

(4) Operate the vahicle in the boat basin
adjacent to AVTE and in the surf zone of Camp Pendleton beaches
with waves up to & feet high.

(8) Aall of the above conditions shall be repeated
at weight condition B,

(6) Eguivalent testing shall be performed with
the baseline AAV7Al at agquivalent weight conditions,

3.4.c REBULTS:

(1) AVTB conducted acceleration and top speed
tosts on a paved road at both walght conditions on the AAV/HSS
and at 53,500 pounds on the standard AAV vehicle. Results from
previous Enhanced Applique Armor Kit (EAAK) Testing with a 10,000
pound cargo load (58,070 pounds total) will be used for 58,100
pound data on the standard AAV vehicle. The following is a sum=-
mary of O = 30 mph accelaeration times and top speeds:

Direction| Average Average
Number of [of Run (N| Elapsad | Maximum Speed
Vehicle | Weight Runs to 8 ls Time 0-30 Attained
Averaged slightly MPH
downnhill)

HSS/AAV | 43,500 4 Runs Ntof 30.8 sec | Not Recorded

AY 53,300 4 Runs Ntot 24,7 Sec | Not Recorded

H38/AAV | 58,100 6 Runy Ntol 26,7 %oc | 41.1 mph

AAV 58,070 1 Run N to 8 30.2 Sec | 43,0 mph
HES/AAY | 53,3500 |Not Conducted| 8 Lo N | =escsaer | scosaruaasss
AAV 53,500 |Not Conducted| 8 to N | evsessec | ssensccennae
HSS/AAV | 58,100 2 Runs $ toN 74.0 Sec | 32.0 mph
(See (62,0 Sez)|(28.0 mph)
lote)

AAV 48,070 3 Runs $toN 44,8 Sec | 28.0 mph
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and direction changes of the current standard test procadure (see
Annex A) make achieving and maintaining a smoothly alternating G-
Forcs on the vehicle almost impossible, The reguirements at 30
mph were deleted as the AAV/HSS could not achieve this speed.
Algo, the slalom course length was reduced by half becauvse of
size limitations at the Camp Pendleton test sita. The results of
AVTB's slalom tasting are summarized in the following:

Vahicle | Welght Target Target Radius Actual Aetual
Speed G-force | of Turn Speed GePoree

HEB/AAV 10 meh 0.3 13.36 Peet (2 - 14 mph10.0 - 0.5

The inability to maintain the test parameters of
conliant spead and G-Force caused postponement of further
testing.

(4) Tha HSS/AAV hus been successfully operated in
the boat basin and through surf less than § feet high. Surt
heights of & feet or greater have not been avallable at Canmp
Pendleton., A smooth water top speed has not been neasured.

3.5 RBASRLINR VEHIQLE REQUIREMENTE: New improvements and
changes must not pravent the vehicle from performing to its
original design specifications. This series of testing will
validate that the HSS/AAV vehicle still meets the baseline
requirements of the AAV7Al, as detailed in the Develcpmental
Testing III (DT=III) Test Requirements.

3.5.a ZIRENQH CROSSING TRAT

3,5.a.1 PRURPQSE: To demonstrata that the tast
v:hicll can cross a trench up to four feet deep and eight faeet
wide.

3.5.a.2 METHOD:

(1) Add weights to the test vehicle to
achieve 53,500 pounds.

(2) Slowly drive the test vehicle over the
required eight foot wide by four foot deep trench.

(3) Documsnt the test with video or still
photography, as appropriate.

4 (4) Repeat for test vehicle weight ot 58,100
pounds.

(5) Repeat for baszeline AAV7Al at equivalent
waights.




3.5.a.3 RESULTS:

(1) AVTB utilized an earthen trench for this
test which measured approximately 8 feet wide by 4 feet deusp.

(2) The HSS/AAV and the standard AAV suc-
cessfully traversed the trench at both 53,500 and 59,000 pounds.

3.5.b YERTICLE OBGUACLR TREIT:
3.5.b.1 PRURPOSE: The purpcse of this teast is to

denmonstrate that the test vshicle can scale a 36 inch vaerticle
obstacle.

3.5.b.2 MAETHOD:

(1) Add weights to the test vahicle to
achieve 53,500 pounds. .

(2) 8Slowly drive the vehlocle over the re-
quired 36 inch verticle obstacle.

(3) Document the test with video or still
photography as appropriate.

a (4) Repeat for test vehlcle weight of 358,100
pounds.

(3) Repeat for baseline AAV at bhoth weights.,

3.5.b.3 RESULTE:

(1) AVTB utilized the verticle end of a
co:orute truck loading ramp that is exactly 36 inches high for
this tast.

(2) The HSS/AAV and the standard AAV
successfully traversed the verticle obatacle at both 53,500 and
59,000 pounds.

3.5.¢c QORROBION:

3.5.0.1 RURPOSE: The Turponn of this observation
is to deternine any areas of the test ltems that are susceptible
to corresion.

3.5.c.2 METHOD:

(1) During testing, observe, analyze and re-
cord suspension failures suspected of being due to corrosion.

(2) Observe and report any areas suffering
corrosion effects.




J.5.¢.3 RESULTS:

(1) According to the Cadillac Gage Textron
Statum Report of 15 May 1990, contaminant intrusion and rust for-
mation at the primary oil saeaal, with the resultant detarioration
of the saal, are allowing the external leakage of the fluid and
nitrogen gas pressure from the suspension unit's crankcase. At
the last check of crankcase pressures on 18 Oct 1990, nine of the
twelve units had lost all crankcase pressurs. Of thesa nins,
three units would not hold pressure after being recharged.

(2) The low pressure protection plug hex
socket f£ills with rust and muct be removed with a pipe wrench.

(3) The roadwheel hub oil fill/drain plugs
tend to seize in the threads and then the hex socket gets
stripped during removal attempts.

(4) The crankcase cover bolts and. locking
tabs are rusting,

(%) The high pressure bleed/fill port cover
and the bolts which hold it are rusting. The sorews are being
replaced with stainless steel screws during pressure checks. In
one case, the plugs under the cover were badly rusted,

3.5.d QLIMATIC TREATING:

3.5.4.1 RURROAE: The purpose of this test phase
is to identify any aspects of the test items (or test vehicle
installation) that are susceptible to improper operation during
extremes in ambient operating temperaturaes.

3.5.4.2 METHOD: It is recommended that the
vehicle and operation/maintenancs crew be deployed to test
regions where 500 miles of hot desert testing (100° to 125°F) and
500 miles of arctic testing (-25* to 0°'F) can be accumulated
during the time period. During testing, obsarve, analyze and
record suspension fallures suspected of being dus to the environ-
ment. Obnerve and report any operational aspects suffering
environmental effects. Conduct of baseline testing shall he
accomplished to the maximum extent possible.

During this testing, vehicle weight should be
varied among weight conditions A and B for the recommended
percentages of operating time. Any adverse or beneficial impacts
to v;hicln performance as a result of weight changes should be
noted.

Added to this explanation of test methods for
climatic testing is the following excerpt from page 4 of the 6
Aug 1990, HSS Test Plan:




Hot Weather Testing

Ride Quality Test 3.3.1

Cross Country Test Course Test 3.3.2

Vehicle Handling Comparison Test 3.3.4

Baseline Vehicle Requirements Test 3.3.5 (a, b, e, f)
Design Requirements Test 3.3.6 (a, b, ¢, 4, e)
RAM=D Tests (500 Miles) Tast 3.3.7

3.5.4.3 BRESULTA:

. (1) Hot Weathear Testing: AVTE conducted hot
weather testing at several desert sites at the Twentynine Palms
Marine Corps Base from 18 Aug 1990 to 10 Sep 1990. Temperaturas
exceeding 100°F were inconsistent., Logistical support was dif-
ficult because of the heat, the rugged terrain and the distance
from AVTB. Sharp, fipt-sized rocks and the overall ruggedness of
the terrain were hard on the final drives and suspension
components of both the HSS/AAV and the standard AAV. The HSS/AAV
logged 171 miles and 19 hours during hot weather testing. The
standard AAV achieved 19]1 miles and 16 hours. The following is a
summary of the hot weather test results.

(a) Ride Quality: Data was taken for
the HS8S/AAV at 323,500 pounds, but no comparison data was taken on
the standard AAV because of interfering test events. Therefore,
the data taken is meaningless.

(b) Cross Country Test Course: The
only observation is qualitative; the drivers who drove both
vehicles over the desert cross country course stated that the
HSS/AAV provided a smoother, more controlled ride than the
standard AAV.

(¢) Vehicle Handling Comparison Test:
The only desert testing done from this category was an attempt at
slalom testing.

(d) Baseline Vehicle Requirements:
None of thase testus were conducted in the desert,

(e) Design Requirements: Fluid and gas
level checks; the following is a list of the fluid and gas level
checks made during hot weather testing:




Vehicle |Position | Pressure Pressure | 0il Added | Miles Since
Weight Before After Last Check
58,100 |stbd #2 0 PSI 3560 PS1 | O 0

58,100 |sthd 42 | 2928 | 3380 13,9
$3,700 |Sthd #6 1 oz

$3,700 |utbd #6 102

33,700 |port #3 ) ot

53,700 V Stbe #1 | 3045 3248

$3,700 (Sthd #2 | 26483 3248

83,700 [stha #3 | 1648 1973

53,700 [stha ¥4 | 493 1973

53,700 |Sthd #8 1310 1978

53,700 [stbd #6 | 1420 1973 J Vet

83,700 |Port M 2140 3245

53,700 port W2 | 2710 3243

53,700 |[Port #3 1843 1973 1 o2 i

93,700 [Port 4 | 1740 1978

§3,700 |Port #5 | 1828 o738

53,700 (Po t W& | 1700 1975

These results plus numerous daily log
entries noting oil seepage from the low pressure crankcase cover
indicate hoth low and high pressure sealing problems with HSS.

Ride Height; the following is a list of
the vehicle height measurements taken during hot weather testing:

Vehicle | Location of [Height [Height |Ambient Mearured |Msasured
Weight Measurement [Port $Sthd Temperature|after after
(pounds) [ (@ hull plugs) Cool-downOperating
58,100 |[forward 17 tn. |16.3 In X
Aft 145.7 |14.78 X
58,100 [Forward 17 16.3 100°r 1.3 hrs, 11,3 n_sr
Aft 1.7 [14.78 100¢F 1.3 hrs,11.3 mi,
58,100 |Forward 17 16.5 b
Aft 14 14 X
58,100 |Forward 17 16.5 100 1.7 hre, 13,5 mf,
Aft 14 14 100°*F 1.7 hres, 13.5 mi.




j ” vehicle | Location of |Height |ueight |smbient Measured |Measured
Weight Measurement |Port Stbd Temperature' after after
(pounds) [ (3 rull plugs) Cool -down|Opzrating
o 53,700 |Forward 18.5  [18 .8 hrs, 7.3 i,
Aft 17 17 8 nrs, 7.3 mi.
B l $3,700 |Forward 18.5 |18 98°F 1.5 hrs, 4.6 mf,
] Aft T ourF 1.5 hrs,16.6 mf.
$3,700 [Porwzrd 17 16.7% &8t X
Aft 1.5 [%4.5 ) X
‘ 53,700 |{Forward 17.% 17.8 98¢
Aft 14.5 17.8 98¢
i $3,700 |{forward 17.3 13 8¢ X
Aft 14 ) 1% assr X
53,700 |Forward 7.5 19.3 98¢
Aft 16,5 17 98°F
$3,700 |Forward 18.5 17 P5°F X
Aft 15.5 14 95°r X
53,700 |Forward 1" 13 92°F After Re-
charging
Aft 19.5 7] LA Sthd Side -
Units
53,700 |Forward 1% 13 82t X '
Aft 18.5 20.5 82°r X
53,700 |Forward 1" 1% o2°¢ X
Aft 19.% T 92°F X
53,700 |Forward 16.5 16 89°F After Re-
charging
T Aft 18 18 go°r Port Side
L | Units

This tabulation indicates, as would be
expected, that the ride height increases due to ambient and/or
operational temperature increases are greater at the lower
vehicle weight. Note the effect of recharging all the units at
the lower weight, the aft end is higher than the forward end.

Return Roller Wear; the roller hubc
reached 130°F when operating zt 10C‘F ambient. There were no
roller failures during hot weather testing.




Roadwheel/Suspernision Unit Interference:;
after the HSS/AAV returned from hot weather testing, it was noted
that all the units exhibited abrasion of the crankcase cover and
cover bolt heads where the inner roadwheel runs next to the
crankcase cover.

Track Tension Setting and Adjustment; by
the end of hot weather testing the track tension adjusters had
been extended to their recommended travel limits in order to
maintain the 1/2 inch space between the track and the skid plate
on each side of the HSS/AAV at the number 3 roadwheel position.

(2) <COLD WEATHER TESTING; AVTB has not con-
ducted any cold weather testing of the HSS/AAV.

3.5.e SLOPE NEGOTIATION:
3.5.¢.1 PRURPOSE: The purpose of this test is to

determine the ability of the test vehicle to negotiate and
maneuver on forward and side slopes safely.

3.5.¢.2 METHOD:

(1) Place the test vehicle in weight
condition A.

(2a) Operate the vehicle on forward slopes up
to 2nd ineluding 60% inclines. The vehicle. should be operated in
forward and reverse.

(2b) Operate the vehicle on side slopes up to
and including 40% inclines. ‘

(3) Document the test with video or still
photography as appropriate.

(4) Repeat for vehicle weight condition B.

(5) Repeat for baseline AAV7Al at equivalent
weights,

3.5.e.3 RESULTS: Both the HSS/AAV and the
.gtandard AAV successfully negotiated all segments of this test
phase at both weight conditions.

3.5.f PRIVOT STEERING:
3.5.£f.1 PURPOSE: The purpose of this test phase
is to determine the ability of the test vehicle to pivot steer
during land operations, as the baseline AAV7Al1 is able to do.

3.5.£.2 METHOD:

(1) Inspect and adjust the HS=400-3




transmission for full pivot steer capability.

(2) Pivot steer the vehicle on varied
terrains (hard surface, secondary roads, packed sand, vegetated
terrain) during the course of vehicle operations and RAM-D
mileage accumulation. The vehicle should be steered left and
right at various speeds at the two weight settings.

(3) Document the test with video or still
photography, as appropriate.

3.5.£.3 RESULTS: The following is a tabulation
of the rotation rates for the HSS/AAV on various terrains. Note
that due to environmental concerns, vegetated terrain is not
availlable at Camp Pendleton for tests which damage the

vegetation.
Vehicle | Terrain | Rotation |[Rotation | Rotation
Weight |, Pace Rate Left] Rate Right
$3,500 | Hard Fast 12.5 sec | 13.9 Sec
surface Slow 30.5 3.7
58,100 | Hard Fast
Surface Slow
53,500 |secondary Fast 16 17
Road Slow 20 3
58,100 [Secondarty Fast
Road Slow
53,500 [Packed Fast
Sand Slow
58,100 |Packed Fast
Sand Slow

3.5.g MINE PLOW EVALUATION:

3.5.9.1 PURPOSE: With future introduction and
fitting of the mine plow to AAV's, this large weight mass at the
nose of the vehicle and the push loads to be transmitted to the
suspension system need to be investigated. This test is not to
be an all-inclusive test, but a first look at identifying
possible interface and operational problems.

3.5.9.2 METHOD: Following sufficient testing of
the mine plow on a baseline AAV7Al, the plow shall be installed
on the HSS/AAV. This shall be performed for a vehicle weight
condition of 6,000 pounds of cargo in the troop compartment.

(1) The vehicle with mine plow and 6,000




pound cargo load shall be weighed and the LCG determined.

(2) The suspansion contractor may provide
new suspension unit pressures for the vehicle configuration to
retain acceptable ground clearance. The nitrogen charge levels
may be adjusted with new pressure settings.

(3) The vehicle with mine plow shall be
operated and terrain plowed to evaluate impact on the suspension
system.

3.5.9.3 RESULTA: AVTB has not conducted any
testing of the mine plow in conjunction with the HSS/AAV.

3.5.h NOIGE MEASUREMENT:

3.5.h.1 PURPOBE: Utilization of new components
on the vehicle need to be evaluated for determination of whether
they add to the acoustic signature of the vehicle.

3.5.h.2 METHOD: In accordance with procedures
performed by AVIB to measurs internal and external noise levels
of other add-ons to the AAV7Al, similar afforts shall be employed
to measure the levels for the HSS/AAV vehicle configuration.

This shall be performed for weight conditicns A
and B, and for the four listed terrain types:

Paved Road
Loose Sand
Packed Sand
Secondary Road

3.5.h.3 RESULTS8: AVTB has not conducted any
noise level testing of the HSS/AAV.

3.6 DBSIGN REQUIREMENTS: All new systems undergoing
evaluation should be monitored to validate proper functioning.
Ride height and hydraulic,/nitrogen levels in the suspension
units are paramount to proper functioning.

3.6.a FLUID AND GAS LEVEL CHECK:

3.6.a.1 PURPQSE: To determine that the nitrogen
and hydraulic oil levels, and their fill ports, maintain their
settings during all vehicle operating conditions.

3.6.a.2 METHOD:
(1) Utilizing the Operations and Maintenance
manual procedures, check to insure that nitrogen gas levels are
properly set and maintaining thelr settings.

(2) For the first 2,000 miles, check




nitrogen levels to see if they were maintained after avery 250
miles of operation.

(3) Thereafter, check nitrogen levels to see
if they were maintained after every 500 miles of operation.

(4) Hydraulic fluid levels need not be
checked unless seepage and/or leakage is noted.

(5) With all units properly set, methods and
procedures should be determined for installation and charging of
units without the use of blocks under the vehicle. This shall
incorporate corrective values for different roadwheel stations
and different weight conditions.

3.6.a.3 RESULTS: The HSS units did not meet the
test plan requirements.
(1) The gas pressures in the suspansion
units had to be checkaed and adjusted on average every 50.4 miles
or 5.9 hours of operation.

(2) The oil levels in the suspension units
had to be topped-off on average every 79.1 miles or 9.3 hours of
operation.

(3) Methods and procedures for installation
and charging of units without the use of blocks under the vehicle
have not been developad.

(4) See section 3.5.c.3 for test results
concerning the fill ports.

3.6.b RIDE HEIGHT:

3.6.b.1 PURPOSE; To determine whether the
HSS/AAV's height changes appreciably with time or temperature.

3.6.b.2 METHOD:

(1) Utilizing the Operations and Maintenance

Manual Procedures, measure vehicle height at the four corners of
vehicle hull at the following increments:

-Every 250 miles of operation

-Every two calendar months of operation

=-At. every ten degrees change in ambient
temperature ( when available and when testing at elevated/cold
temperatures)

(2) Utilizing the weapon station sight or an
inclinometer, measure vehicle attitude change (with time) after
operational shutdown. This shall be performed to investigate
effects on UGWS range card readings and system accuracy.

3.6.b.3 RESULTB: The data were not always
consistent, but the ride height of the HSS units appears to be




more affected by temperature changes when the ambient temperature
changes when the ambient temperature is below 80°'F. Also, as
noted previously, the ride height changes more with temperature
when the vehicle weight decreases.

(1) See Section 3.,3.c(2) for the effects on
ride height caused by "Dogging Down" the vehicle.

(2) At a vehicle welght of 53,500 pounds,
after at least one hour of operating and with an ambient ;
temperature increase of 10°'F and the final temperature less than
80°'F, the forward end of the HSS/AAV dropped an average 2.4
inches, or 14% of the height before heating. At the same time
the aft end raised an average 2.6 inches, or 16.6% of the height

before heating. Corresponding data at 58,100 pounds were not
available.

(3) After cooling off 10°F from a maximum
temperature less than 80°'F for at least 12 hours, the bow of the
53,%500 pound vehicle raised an average of 1.4 inches or 8.8% of
the height before cocling. At the same time the stern dropped an
average of 2.6 inchaes or 13.8% of the height befors cooling.
Corresponding data at 58,100 pounds wera not availabla.

(4) For an ambient temperature increase of
approximately 15°'F with a starting temperature above 80°'F, the
bow height of the 53,500 pound vehicle either remained constant
or rose less than 5%. The stern height remained constant. For

the 58,100 pound vehicle, both the bew and stern heights remained
constant.

(%) Upon cooling off for at least 12 hours
to an ambient temperature greater than 80°'F, the bow height of
the 53,500 pound vehicle decreased slightly in one instance and
increased very slightly in another. The stern height decreased
an average of 1.5 inches or 9%. The cne set of corresponding
data for the %8,100 pound vehicle indicated no change in bow
height and a slight decrease in stern height.

(6) Tests utilizing thae UGWS sight or an
inclinometer have not beaen conductaed.

3.6.c RETURN ROLLER WEAR!:

3.6.¢.1 PURPOEE: To observe wear rate and
deterioration of return (or support) rollers during testing.

3.6,c.2 METHOD: AVTB operations and maintenance
personnel shall monitor and report on abnormal wear and

replacement of return roller components. This shall include
development and implementation of any test procedures to measure
damage and determine replacement guidelines.




3.6.c.3 RESBULTS8: After sight glasses were
installed in the return roller hubs to monitor lubricant levels,
water contamination became a continuous problem. At 73 miles and
12 hours into the test thae lubricant was changed from 30 Wt. to
15W~40. The following is compilation of test results concerning
the return rollers:

(1) Port #1 roller was never replaced and

accumulated 554 miles and 65 test hours,

(2) Port #2 roller was replaced at 17 miles
and 2 hours into the test and then accumulated 534 miles and 63
test hours.

(3) Starboard #1 roller was replaced at 17
miles and 2 hours into the test and then accumulated 534 miles
and 63 tast hours.

(4) Starboard #2 roller was replaced at 17
miles and 2 hours into the test. It then accumulated 534 miles
and 63 test hours before being replaced again.

3.6.d ROADWHERL/GUSPRNSION UNIT INTERFERENCE}

3.6.4.1 PRURPOSE: To observe wear rate and
deterioration that maX result to roadwheel and/or suspension
units as a result of interfersnce between the components or as a
result of terrain induced damage.

3.6.,d.2 MITHOD: AVTB operations and maintenance
personnel shall monitor and report on abnormal wear and
replacement of suspension units and roadwheels as a result of
interference betwaen the components or as a result of terrain
induced damage. This shall include development and
implementation of any test procesdures to measure damage and
determine replacement guidelines.

3.6.4.3 RESULTB: Much of the terrain chosen for
hot weather testing was covered with loose, sharp, fist-sized
rocks which were extremely damaging to track pads and the Bradley
Roadwheel tires and wheel disks. After the completion of hot
weather testing, the vehicle crew noted extreme abrasive wear had
occurred betwaen all the inner roadwheels and their corresponding
HSS unit crankcase covers.

3.6.e IRACK TDNSION SRTTING AND ADJUSTMENT:

3.6.e.1 RURPOSNE: To observe track tension, its
effect on vehicle operation, and determine applicahle saetting and
measurement guidance. This is required as a result of the
support roller interface and the effact on track tension and
proper setting.

3.6.e.2 METHOD: AVTB operations and maintenance
personnel shall monitor and report on abnormal wear and




replacement of track components as a result of interference
between the track and suspension components or as a result of
terrain induced damage. This shall include development and
implementation of any procedures to determine and set proper
track tension. AVTB shall experiment with and provide comments
on ways to install and remove the track on the vehicle in various
configurations and weights. This shall include estimates of crew
levels, time required, numbers of personnel required and the nead
to remove EAAK panels (if necessary) for service to the track.

3.6.e.3 REQULTE:

(1) At 2% miles and 4 hours into the
test, new track was installed on the HSS/AAV with 85 track blocks
per side. In order to connect the track the #2 HSS unit must be
de-prassurized on both sides becauss the vehicle rises about 4
inches when the track is disconnected.

(2) After this track accumulated 10
miles and 4 test hours, ons track block had to be removed from
each side to maintain proper tension with the adjusters.

(3) After a total of 304 miles and 36
test hours, anothar track bleck had to be removed from both sides
for a currant total of 83 blocks per side.

(4) A spaecial tool was developed by
staff Sergeant Lowther to assist in installing track when EAAK is
installed on the vehicle. Two used AAV track pins are weldaed end
to end with one of the pins bent into two 90° angles with 7
inches between the bends. This provides an offset to pull the
track over the return rollers without having to remove the EAAK
panels on the sponsons.

(5) A minimum of 4 crewmen and 10
manhours were required to break and connect track.

3.6.f INSTALLATION AND REMOVAL OF SUSPENSION UNITO:

3.6.£f.1 PURPOSPE: To assess craw workload, level
of difficulty, and anticipated maintenance burdens for this

system that would be required for installation of units on the
vehicle,

3.6.f.2 METHOD: AVTB operations and maintenance
personnel (at various maintenance levels) shall perform

suspension unit installation and removal in various

configurations that could be anticipated by the FMF. This shall
include, but not be limited to:

(1) Installation/removal while
pressurized and unpressurized.

(2) Installation/removal with and




without hub attached.

(3) Installation/removal at stations 1,
3, 6 - port and starboard.

(4) Various lifting harnesses and
lifting methods.

(5) Different vehicle weighta
AVTBE shall experiment with (in
matrix format) and provide comments on possibilities for
accomplishing the above efforts, and provide feedback on what
changes should be considered for future vehicle configurations to
facilitate easier installation and removal of units.

3.6,¢,3 REOBULTE: Two crewmen can perform
removal/installation of HSS units.

(1) All of the 9 HS8 units ramoved and
replaced by AVIB personnel were unpressurized. Removal or
installation while pressurized would be very dangerous and very
difficult, if not impossible.

(2) All removals and installations of
HSS units were accomplished without the Hub attached as any
decrease in weight and bulk facilitates the proceduras.

(3) Removal and installation procedures
were performad at the port #1, #2, #3 and #5 stations, and at the
starboard #1, #2, #4 and #6 stations.

(4) The lifting eye and boom of the HSS
maintenance cart were used for all but one removal/installation
procedures. On ons occaslion 2 crewmen performed an installation
without using the cart crane just to see if this could be done.
It was exceedingly difficult and not recommended except for
emergency field repairs. The portable hydraulic ram supplied
with the HSS maintenance cart was used to position the HSS unit
for access to the bolt holes.

: (8) HSS unit raomoval/installation
proceduras were accomplished with the vehicle empty, at 53,500
pounds and at 58,100 pounds.

3.6.9 BSHORT TRACKING OF OSUOPENGION UNITO:

3.6.g.1 PURPOSBE; To assess crew workload, lavel
of difficulty, and anticipated maintenance burdens required for
this system to be short tracked in a field environment.

3.6.9.2 METHOD: AVTB operations and maintenance
personnel (at various maintenance levels) shall experiment with
and perform short tracking of the vehicle in various
configurations that could be anticipated by the FMF. This shall




include, but not be limited to:

(1) Installation/removal of units to
facilitate short tracking.

(2) Deactivation and tying up of units
during short tracking.

(3) Impact of being towed when short
tracked (using tow bars and cables)

(4) Removal of roadwheels and hubs.
(3) Different vehicle weights.

(6) Progressive increase and maximum
nunber of roadwheel stations that can be deactivated (rear units,
front units, mixed units).

, AVTB shall experiment with (in
matrix format) and provide comments on possibilities for
accomplishing the above efforts, and provide feedback on what
changes should be considered for future vehicle configurations to
facilitate easier short tracking.

3,6.g.3 RESBULTSL AVTB has not conducted any
short tracking experiments with the HSS/AAV. 1t should be noted
that the gss units cannot be swapped from one side of the vehicle
to the other.

3.7
New vehicle hardware must not provide a logistics
and maintenance burden for the sake of improved performance.
Reliability and maintainability must be documented and validated
to evaluate the new system benefits.

3.7.a RURPQSE: To determine the test item's
anticipated RAM-D characteristics during the test period.

3.7.b METHODS

(1) Operate the test vehicle as outlined in
paragraph 2.1 of the taest plan. Maintain the vehicle and
suspension system as outlined in the appropriate taechnical
manuals.

(2) Perform all crew level maintenance actions
required during the test operations and report in accordance with
standard procedures.

3.7.c RESULTS: 1In summary there were 9 HSS unit
failures requiring replacement over 554 test miles and 65 test
hours. ' This yields an average of 61.6 miles and 7.2 hours
between HSS unit failures. 1In addition there were 4 return
roller failures for an average of 138.5 miles and 16.3 hours




between failures.

(1) The following is a compllation of
maintenance actions concerning HSS/AAV suspension components
over the period from 27 April 1990 to 15 November 1990:
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(2) The proposed Operation and Maintenance
Manual for HSS Installed on P-7 Amphibious Assault Vehicle dated
5 October 1989 was evaluated by the HSS/AAV crew which performed
most of the inspection/repair of the vehicle's suspension. The
following are the crew chief's commants concerning sectioen 6.2,
Removing/Replacing Suspension Unit:

The instructions for removal and replacement
of support rollers and HSS arms that are listed in the proposed
maintenance procedure ars similar to the procedure being used by
the crew of PX 12-10. Exceptions or additions include: During
removal of any HSS arm with the vehicle on blocks (17") placed
under each corner of the vehicle, it is necessary to raise the
arm with the porta power placed against the forward side of the
arm and lift the arm high enough to reposition the porta power
underneath the arm. In order to remove the bolt (which is at 3
o'clock) blocks were placed underneath the porta power to lift
the arm high enough to allow the crewman access to the (3
o'clock) bolt. Removal of the bholt at the 5 o'clock position
requires the arm to be pushed to the furthest most downward
position. This can be done by using a tank bar or the easier
method of positioning the porta power on the top side of the arm
and blocks on top of the track to brace the track against the
longitudinal drive shaft cover brackets. By pumping the porta
power the arm will be pushed down far enough for the crewman to
have access to the bolt at the 5 o'clock position.

(3) The photographs in the proposed manual were
useless because of contrast lost when they were copied.

(4) On at least 4 of the HSS units it was noted
that the hull flange dowel pin had started to back out of the
flange.

(5) The maintenance cart was used for all but
one of the nine HSS unit removal/installation iterations and for
all fluid level and gas pressure adjustments. An air compressor
integral to the cart itself would improve its utility. The
Portable Hydraulic Ram with lts HSS roadarm lifter was used on
all HSS removal/installation procedures, but not necessarily in
the manner described in the proposed manual.

. 3.8 TOWING TESTS: All changes and improvements to the AAV
family must be done without sacrificing or degrading current
vehicle performance and capabilities.

3.8.a PURPOSBE: Comparative testing of the operation
and handling qualities of this modified vehicle versus a standard
AAV shall be performed when towing various items. Measurements
required will be qualitative and quantitative.

3.8.b METHOD: A test matrix shall be established and
the following towing tests shall be performed with the vehicle in
weight conditions A and B. Video coverage shall document vehicle




operations.

, (1) Towing shall be conducted over the

following terrains:

~-Loose Sand

-Packed Sand

-Sacondary Roads

-Paved Roads

=Crosa Country Terrain

-Mud/Clay

-Vagetated

(2) Towing shall be conducted (using tow bars
. and cables) with the following items towed by the HSS/AAV:

=AAV of Equal or Less Weight

-M198 155mm Towad Artillery

-Standard Trailer

-Trailer Mounted Line Charge

=Other Equipment Deemed Appropriate by AVTB

(3) A baseline AAV at equivalent weight shall
tow the HSS/AAV.

3.8.¢ RESULTS: The towing tests conducted thus far

have not indicated any problems with the HSS/AAV as eithar a
towing or a towed vehicle. The following is a matrix compilation
of the towing test results. An "X" indicates successful
completion of that particular test. A "TNA" indicates that the
terrain was not available due to logistical or environmental
considerations. A "VUNA" indicates that the vehicla/equipment to
be towed was not available. For towed vehicles:

A= Standard AAV

Hw HSS/AAV

M= M198 155mm Towed Artillery

T= Standard "Trailer

L= Trailer Mounted Line Charge

O= Other Equipment (Spacified)




Towing Vehicle HSS/AAY at 53,5 0 HSS/AAV at 58 100iStandard AAV at Standard AAV at
Pounds Pounds 53,500 Pounds 58,100 Pounds
Towed Vehicle/ N
Equipment AWM T IL I O[A|M[T|LIOIHR|M|T]L|O|N|M|T|LIO
Terrain and Whether
Tow Bar (T8) or
Tow Ceble (TC) Was
Used
Loose Sand W/T8B X [VNA|VNA|VNA X [VNA|VNA|VNA X |VNA{VNA|VNA X [VNA|VNA|VNA
Loosa Sand W/TC X [VNA|VNA|VHA X |VNA{VNAIVNA X |VNA|VNA V“A 7 X 1VNA|VNA | VKA
Packed Sand W/1B X [VNA|VNA|VNA X |VNA|VNA|VNA X [VNA|VNA|VNA X | VNA[VNA{VNA
Packed Sand W/TC X {VNA{VNA|VNA X |VNA|VNA|VNA X [VNA|VNATVNA X |VNA{VNAIVNA
Secondary W/T8 VNA | VA | VNA VNA|VNA[VNA VNA|VNA{VNA VNA|VNA {VNA
fecondary W/TC X [VNA[VNA[VNA X {VNA{VNA{VNA X [VYNAIVNA{VNA X |VNA[VNA]VNA
Paved W/T8 X |VNA|VNA{VNA X [VNA[VNA|VNA X | VNA{VNA|VNA X [VNA[VNA|VNA
Paved W/TC X [VNA|VNA{VNA X |VNA]VNA|VNA X |VNA|VNA{VNA X |VNA{UNA|VNA
Cross Country W/TB | X |VNA[VNA|VNA X |VNA|VNA|VNA X |VNA|VNA{VNA X |VNA|VNA|VNA
Cross Country W/TC | X |VNA[VNA|VNA X |VNA{VNA|VNA X |VNA|VNA[VNA X | VNA[VNA [VNA
Mud/Clay W/T8 TNATNA [ THATTNA{TNA [TNA | TNALTNA| TNA|TNA|TNA| TNA| THA|TNA| TNA]TNALTNA [ TNA | TNA|TNA
Mud/Clay W/TC TNA|TNA{TNATTNATTNA | TNA [ TNA[TNA| TNA[TNA|TNA | TNA|TNA|TNA|{TNA|TNA|TNA|TNA [ TNA| TNA
Vegetated W/T3 TNA|TNA{TNALTNA| THA | TNA| TNA| TNA|TMA [ TNA]TNAITNA| TNA|TNAITNA| TNA|TNA| TNA| TNA| TNA
Vegetated W/T0 TNA|TNA| TNA{TNAJTNA TNA|TNATTNA | TNATTNA{TNA| TNA|TNA|TNA | TNA|TNA[TNA|TNA|TNA|TNA

3.9 EEFECT OF POWRR PACK CONDITION ON VEHICLE GPRED:

3.9.a PURPOSE: To determine if the condition of the
engine/transmission installed in the HSS/AAV was the reason for
the vehicle's top speed being less than the standard AAV.

3.9.b METHQD: The HSS/AAV and the standard AAV will
be timed through a measured 3 mlles over packed sand at weight
conditions A and B. Both vehicles will enter the measured mile
at full speed and be driven by the same driver. Then the
engine/transmission from the standard AAV will be installed in
the HSS/AAV. The HSS/AAV will then be timed again through the
measured 3 miles to sea if any change in top speed is effucted.

3.9.¢ RESULTS8: As can be seen from the following
matrix, switching power packs from the faster standard AAV to the
slower HSS/AAV actually further decreased the HSS/AAV's speed by
9.6%. Other factors in the HSS suspension, such as the inner
roadwheels rubbing on the HSS crankcase cover, must be the reason
for the decreased performance.




HSS/AAV Standard AAV
Power
Pack 53,500 LB 58,100 LR 53,500 LB 58,100 LB
1 20.0 MPY 18.75 MPN 23.08 MPH 25.0 NPH
* Switched | 18.09 MPW

| The results of the first speed run after changing
‘ the power pack in the HSS/AAV indicated that further testing was
unnecessary.




Contract N00167-88-C-0024, CDRL Item A0l1l3, Drawings, Engineering
and Associated Lists, Engineering Drawings (Level III)

Naval
Systems

6599761
6599762
6599763
6599764
6599765
6599766
6599767
6599768
6599769
6599770

Sea
Cnd

6599771~-TAB

6599772
6599773
6599774
6599775
6399776
6599777
6599778
6599779
6599781
6595782
6599783
6599784
€599785
6599786

6599787
6599788
6599789
6599790
6599791
6599792
6599793
6599794
6599795
6599796
6599797
6599798
6599799
6599800
6599801
65998n02
6599803
6599804
6599805

CGT Part

700340
700341
700001F
700001
700015
41181
41182
700338
700097
700327

700328~TAB

700004
700005
700037
700034
700011
700009

© 700013

700012
700069
700033
700035
700036
700038
700329

700043
700044
700045
700021
700335
700326
700000-C
700000
700314
700042
700313
700027
700041
700312
700311
700047
700025
700026
700039

n
6K ISU Envelope Dwg.
6K Unit Assaembly Dwg.
Forging, Rcadarm
Machining, Roadarm
Spindle, Whesl, Vehicle
Screw, Valve, ISU
Stem, Valve, ISU
Cover, Charge Valve
Drain Plug, 0il Chamber
T-Ring Seal, Male Piston
Hollow Hex Plug, Straight Thread
Endcap, Roadarm
Endcap, Accumulator
Sleave, Actuator Cyl
Spacer, Actuator Cyl
Ass'y Piston/Liner
Piston, Actuator
Glyd Ring
Seal, Actuator
Spring, Compression Seal
Spacer, Seal
Ring, Spacer
Cap, Actuator Pisten
Ring, Connecting Bar Retainer
Retaining Ring, Internal Medium
Duty
Conn. Bar Assy
Rod, Connecting Bar
Ball, Conn Bar
Pin, Counnecting Bar
Cam, Actuator Pump
Bolf, Cam
Spindle, Casting
Spindle, Roadarm Machining
Pin, Torque To Unit Hull
Bearing, Conn Bar
Pump Assembly, Damper
Piston, Pump
Spring, Pump
Race, Quter
Race, Tnner
Bearing, Needle
Check Valve Seat
Spring Buide, Check Valve
Spring, Valve, Check




Contract N00167-88-C-0024,

CDRL Item A013, Drawings, Engineering

and Associatad Lists, Engineering Drawings (Level III) (Continued)

Naval
Systams

6599806
6599807

6599808
6599809

Sea
Cnd

6599810~TAB

6599811
6599812
6599813
6599814
6599815
6599816
6599817
6599818
6599819
6599820
6599821
6599822
6599823
6599824
6599825
6599826
6599827
6595828
6599829
6599830
6599831
6599832
6599833
6599834
6599835
6599836
6599837
6599838
6599839
6599840
6599841
6599842
6599842
6599844
6599845
6599846
6599847
6599848
6599849

CGT Part

Number

700032

700031
700029
700030
700024
700040
41198-2
41199
700046
700014
700048
39895
700019
700316
700017
700018
700320
700023
700022
700304
38514-F
700002
700315
700321
700322
700324
700330
42503
700332
700334
700306
700339
700305
700303
700050
700310
700104
700016
700342
700008
700343
700007
700331
700344

n ,
Sleeve/Spool Matching Relief
Valve
Sleeve, Relief Valve
Spool, Relief Valve
Spring, Guide, Relief Valve
Shim, Relief valve
Spring, Valve Relief
Seal, 0il Crankcase
Seal, Crankcase, Dust
Main Bearing Ass'y
Retainer, Baearing
Shim, Bearing Retainer
Screw, Brg Retainer
Piston, Damper
Spring, Damper
Disc, Stator Assy ISU
Disc, Rotor
Spindle/Stator Ass'y
Stator, Dampar ISU
Retainer, Damper
Cover, Accumulator
Cover, Forging
Cover, Torqus
Pin, Drive
Stop Block, Rebound, Spindle
Stop Block, Rebound, Roadarnm

Spacer, Hub
Adapter, Fill
Valve, Fill

Adapter, Relief Valve

Valve, Relief

Hull Mod. Machining

Skid Plate Ass'y

Hull Mounting Bracket

Base, Support Roller W/C
Spindle, Support Roller
Wheel, Support Roller Mod.
Cap, Hub

Support Roller 2ss'y
Installation, 6K ISU on AAV=7
Hull Mcdification

6K ISU/Wheel Spindle Assembly
Plug

Plug

Washer, Locking Tab




Contract N00167-88-C-0024, CDRL Item AOl3, Drawings, Engineering
and Associated Lists, Engineering Drawings (Level III) (Continued)

Naval Sea

Systems Cmd CGT Part

Part Numbex Number ol

6599852 P39873 Valve, Relief
6599853 10866118 Nut, Slotted, Hex
6599854 1O 102488~-2 Relief Valve Fixture

659908558 10 102488-1 Check Valve Fixture




Cadillac Gage

AMS/721/RIDEMETR
3 O~tober 1989

OPERATION AND CALIBRATION MANUAL
ABSORBED POWER METER

MODEL NO. LG 022485-1




DESCRIPTION

The absorbed power meter consists of a main procassor unit, a remote
meter panel with pendant start-stop switch, and associated cables. The
main processor is housed in the smaller half of a hinged aluminum
carrying case while the remote panel and cables are stored in the cover
of the case. When used in conjunction with a suitable accelerometer the
unit provides the capability of reading:

(1) The time duration (up to 120 seconds) between a start and stop
signal of a run,

(2) The unweighted peak instantaneous acceleration in gravity units
during that run (up to 12 G's).

(3) The accumulated absorbed energy (up to 1200 watt-seconds in the X10
position) during that run.

The average absorbed power in watts is cilcu1ated by dividing the
accumulated energy in watt-seconds by the run duration in seconds.

In addition, the instrument provides analog voltage input and outputs
for external recording devices. The analog output signals available are
the instantaneous acceleration in gravity units or foot per second-
squared units, and the instantaneous absorbed power 1in watts. A
properly scaled analog recording of {instantaneous acceleration can be
fed into the instrument to determine the average absorbed power during
any selected time segment of the recording.
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ELECTRICAL INTERCONNECTIONS

1. The 5-pin receptacle provided with the instrument as input to the
accelerometer channel (marked ACCEL) should be wired as follows:

PIN A -+ EXCITATION (+56.0 V.D.C.)

PIN B - - EXCITATION (POWER GROUND)
PIN C -+ SIGNAL ouT
PIND - - SIGNAL OUT (SIGNAL GROUND)

PIN E - NO CONNECTION

If the suggested Sensotec JTF accelarometer is wused, 1its mating
connector will be wired 1ike this:

- SIGNAL oUT - EXCITATION

O

+ SIGNAL oOUT + EXCITATION
Suitable adjustments can be made for other accelerometers.

2. The instrument power cable (to be connected to panel receptacle
marked POWER) is terminated with a 3-pin connector wired as follows:

PIN A - RED WIRE
PIN B - NO CONNECTION
PIN C - BLACK WIRE
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The red wire must be connected to the positive terminal of the nominal
24 volt direct current source. The black wire is to be connected to the
negative voltage terminal which 1s assumed to correspond to vehicle
ground.

CAUTION: This unit should not be used on a vehicle with the positive
battery terminal connected to ground, unless special provisions are made
to insulate all elements of the instrument from vehicle ground.

3. Connact the remote interconnect cable between the main processor
(receptacle marked REMOTE) and the appropriate receptacle at the remote
meter panel.

4. Connect the receptacle associated with the start-stop pendant
switch to the other remote meter panel receptacle.



OPERAT 10N

The instrument requires nominal military vehicle power of 18-30 volts DC
at approximately 200 milliamperes. The unit is current protected with a
" 1/2 ampere fast blow SB fuse and voltage protected against application
of reverse polarity.

Power is applied to the unit when the power leads are connected and is
verified by noting the presence of digits and yellow backlighting on the
remote meter.

It 1s necessary to place a jumper between the RED banana jacks labelled
ACC OUT and TAPE IN on the main panel for proper meter operation, unless
acceleration data is fed in from an external analog recorder.

The remote panel meter switch should be placed in the TIME position.
This is done to assure that the timer is stopped. If it is running, the
operator should quickly depress and release the START-STOP button to
stop the timer. Then the operator should set the main unit range switch
in the X1 position for smooth to moderate terrain, or in the X10
position for rough terrain. Changing the range switch during or after
the measurement run invalidates the run data because it controls the
rate of the energy averaging process and not the meter scale factor.
The range switch affects only the scale factor of the energy and power
units, WATT-SEC and ABRB PWR OUT, and not the TIME or PEAK ACCEL
readings. In the X1 position the unit reads directly in watt-seconds.
In the X10 position the scale reading must be multiplied by 10 to obtain
the correct total energy reading. For example, a meter reading of 098.3
watt-seconds with the range switch in the X10 pocition should be
interpreted as a value of 983.0 watt-seconds.




Just prior to the start of the run, the RESET button on the remote panel
meter should be depressed and held for about one second to insure
complete reset of all the functions. Subsequently, on any of the
functions, a stationary reading of ¢ 0.1 at the start is considered
acceptable.

The operator determines the start of the run by quickly depressing and
releasing the hand held START-STOP button. This starts the timer, the
peak acceleration acquisition, and the energy accumulation process. The
three position meter switch can select PEAK ACCEL or TIME or WATT-SEC.
If the meter 1s in the TIME position during the run, the operator can
choose to stop the run based on the timer reading. The run fis
terminated when the operator quickly depresses and releases the START-
STOP button again. It is recommended that the three readings be taken
and recorded together with the range switch position within one minute
after the completion of the run. Since the readings are held in analog
form, a small amount of drift {is inevitable,

In the TIME position, the meter reads in seconds and tenths of seconds
up to a maximum of 120.0 seconds. In the PEAK ACCEL position the maeter
reads in G’s and tenths of G’s up to a maximum of 12.0 G’'s. In the
WATT-SEC position with the range switch (on the main unit) set at the Xl
position, the meter reads in watt-secunds and tenths of watt-seconds to
a maximum of 120.0 watt-seconds. With the range switch in the X10
position, the meter reads in units of ten watt-seconds to a maximum of
1200 watt-seconds. For example, a reading of 107.5 represents 1076
watt-seconds. The meter may indicate readings higher than the above
maximum values, but those values are close to meter saturation and
should not be trusted. It would be better to suitably modify the run
and retake the data. Once the data has been noted or recorded, the
operator may reset the instrument by deprussing the RESET button to
clear the meter. ‘




The average absorbed power in watts is calculated by dividing the
accumulated energy in watt-seconds (determined from the meter reading
and the range switch) by the run time in seconds.




ADDITIONAL FUNCTIONS

The ACC OUT ({accelerometer output) banana jack pair provides a zero
based, bipolar, analog voltage output scaled at 1.0 G per volt, with an
upward acceieration represented by 2 positive voltage on the red jack
with respect to the grounded black Jjack. This signal can be recorded
during a run and played back for analysis at a later time, If the
connection between the ACC OUT and TAPE IN is maintained, this signal
can be recorded during a normal measurement run., The output limits are
t 12 G’'s or volts.. The load impedance should not be less than 5000
ohms.

The TAPE IN (analog acceleration signal) banana Jjack pafr provides a
method to determine the instantaneous and average absorbed power for any
segment of pre-recorded acceleration data. The recording medium is
assumed to be tape, but any medium including digital can be used so long
as the resulting signal is converted to analog form, has the proper
scale factor, and contains the original frequency information from 0.1
to 50 Hertz. The scale factor, polarity, and 1imits are the same as
those of the ACC OUT,

In order to use this input, the shorting jumper between ACC OUT and TAPE
IN must be removad. A properly scaled analog acceleration signal from a
data recorder must be connected to TAPE IN tarminals, ground to black
and signal output to red. NOTE: A1l black banana jacks are tied
together and connected to the instrument case ground, which is norually
connected to vehicle ground. Operation in this mode prnceeds the same
as an actual run: Make sure the timer is not runnings RESET the meter;
Start the playback machine; Press the START-STOP button to start the
measurenent when desired; Press the START-STOP button again to stop the
runy Note and record the threg readings and the range switch setting;
Stop the playback device; Calculate the average absorbed power.
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The FIL ACC OUT (filtered acceleration output) banana Jjack pair fis
provided for use with a visual recording device such as a strip chart
recorder or oscilloscope. The FIL ACC OUT signal is the accelerometer
signal re-scaled to feet per second squared and filtered to remove
frequencies above 360 Hertz. The scale factor is 10 feet-per-second-
squared/volt and the output 1imits are t 120 feet-per-sec-squared or %
12 volts. The l1oad impedance on this output should not be less than
5000 ohms,

The ABRB PWR OUT (absorbed power output) banana Jjack pair is also
provided for use with a visual recording device. This signal is a
measure of the instantaneous absorbed power before the mathematical
averaging process. The scale factor of this signal is 0.1 watt/volt
with the range switch in the X1 position and 1.0 watt/volt with the
range switch in the X10 position. In either case, the output 1imit is
12 volts. The load impedance on this output should not be less than
5000 ohms.
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There are 2 total of eight calibration adjustments in this instrument.
They are all accessible from the front panel. These adjustments can be
divided 1into two categories; routine calibration and component
replacement calibration. Routine calibration should be performed on the
following: ACCEL OFFSET and GAIN, SQR OFFSET, WATT-SEC OFFSET, TIME
OFFSET, and TIME CAL. ACCEL OFFSET and GAIN should be checked each time
the instrument is used and with any change of accelerometer used with
the instrument. The remaining four calibrations in the routine group
need be checked only every six months unless a 1large change in
operational -temperature, say 30° F, or more, or severe shock to or
vibration of the instrument has been encountered Component replacement
calibration includes routine calibration plus the adjustment of X1 CAL
and WATT-SEC CAL. These repairs and adjustments should be made only by a
trained technician. This calibration is necessary only after internal
. components have been replaced due to component failure or when response
to routine calibration is improper.

Routine Calibration Procedure

There will exist considerable variation in scale factors and offsets
among the accelerometers used with this instrument. This instrument can
be adjusted to compon'sate for these accelsrometer variations. It is
therefore necessary to associate a particular accelerometer with each
instrument, and include that accelerometer in the routine calibration
procedure.

¢ The unit should be connected to a 26 + 4 Volt DC power supply with
at Teast a 250 milliampere capacity.




A1l cables should be properly connected, 1including the
accelerometer and its cable.

The ACC OUT - TAPE IN Jumper should be in place.

Accal Gain & Accel 0ffset:

Connect a DC multi-voitmeter with 0.5% or better accuracy across
the FIL ACC OUT terminals.

Place the accelerometer on a firm surface to sense vertical
acceleration in the same direction as installed in a vehicle.

AdJust ACCEL OFFSET until the voltmeter reads within 18 millivolts
of 2ero.

Place the accelerometer so that its sense axis is perpendicular to
its zero position. (Lay it on its side.)

Adjust ACCEL GAIN until the voltmeter reads within 50 millivolts of
-3.22 volts. If the voltage is positive, the sense axis of the
accelerometer {s reversed. (Rewire by flipping the output leads on
the accelerometer connector.)

A certain amount of interaction between the above adjustments can
be expected. Continue by alternating between the two adjustment
procedures until both conditions are met.

Disconnect the muiti-voltmeter from the unit.

Sqr 0ffset:

Connect a DC multi-voitmeter with 0.5% or better accuracy across
the ABRB PWR OUT terminals.

Remove the jumper between ACC OUT and TAPE IN terminals.
Short circuit the TAPE IN terminals with the jumper.

11
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AdJust SQR OFFSEYT until the voltmeter reads within 3 millivolts of
2ero0,

Disconnect the multi-voltmeter from the unit.

Watt-sec Offsat:

Short circuit the TAPE IN tarminals.

Place the instrument panel meter switch in the TIME position.
Press the RESET button to reset the timer.

If necessary, operate the START-STOP button to stop the timer.
Move the panel meter switch to the WATT-SEC position.

Adjust the WATT-SEC OFFSET to reduce the drift of the least
significant digit of the panel meter to less than once in ten
seconds.

It {s not necessary for the meter to be reading zero for this
adjustment. As a final check, 'ESET the panel meter, and note the
time it takes to register a leasi significant digit change. If it
is less than 10 seconds, perform a readjustment.

Time Offset & Time Cal:

Place the instrument panel meter switch in the TIME position.
Press the RESET button to reset the timer.
If necessary, operate the START-STOP button to stop the timer.

Adjust the TIME OFFSET to reduce the drift of the least significant
digit of the panel meter to less than once in ten seconds.

It is not necessary for the timer to be reading zero for this
adjustment. As a final check, RESET the panel meter, and note the
time it takes to register a least significant digit change., If it
is less than 10 seconds, perform a readjustment of the TIME OFFSET.
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When the offset adjustment is satisfactory, RESET tha timer.

Using a stopwatch or clock with a sweep second hand as a reference
standard, operate the timer for 60 seconds using the START-STOP
switch,

If the timer reading differs from 60.0 seconds by mure than 0.3
seconds, make a one turn adjustment of TIME CAL.

RESET and rerun the timer again for 60 seconds.

Note the time difference that one turn wmade, and make a
proportional corrective adjustment of TIME CAL.

Continue the above procedure until the timer reads 60.0 % 0.3
seconds.

This concludes the routine calibration procedure.




COMPONENT REPLACEMENT CALIBRATION

After a component is replaced, the routine calibration procedure must be
completed first before performing this calibration procedure.

X1 Calibration:

Connect an oscillator operating at 10 £ 1 Hz sine wave into the
TAPE IN terminals.

Set unit range switch to X10.

Connect a heavily damped multi-voltmeter across ABRB PWR OUT banana
Jacks.

Adjust the oscillator sinewave ampliitude for a reading of 0.5 £ .05
VDC on the 10 volt scale of the multi-voltmeter, and note the
multi-voltmeter reading.

Set unit range switch to Xl.

Adjust X1 CAL so that the new meter reading is just ten times the
noted previous reading.

WATT-SEC Calibration:

Connect an oscillator operating at 10 £ 1 Hz sine wave into the
TAPE IN terminatls.

Set unit range switch to X10.

Connect a heavily damped multi-voltmeter across ABRB PWR OUT banana
Jacks.

Adjust the oscillator sinewave amplitude for a reading of 0.5 £ .05
VOC cn the 10 volt scale of the multi-voltmeter, and note the
multi-voltmeter reading.

Place the instrument pane! meter switch in the TIME position.
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. Press the RESET button to reset the timer.

y If necessary, operate the START-STOP button to stop the timer and
RESET it to zero,

y Operate the timer for 100.0 seconds using the START-STOP switch.
* Move the panel meter switch to the WATT-SEC position.

. The WATT-SEC reading on the panel meter should be 100 times the
reading in the multi-voltmetsr. For example, if the multi-
voltmeter reads 0.524, the WATT-SEC panel meter should read 52.4 :
0.5 units.

. If the panel meter reading differs from 100 times the multi-
"~ voltmeter reading, make a one turn adjustment of WATT-SEC CAL.

. RESET and rerun the timer again for 100 seconds.

¢ Note the time difference that one turn made, and make a
proportional corrective adjustment of WATT-SEC CAL.

. Continue the above procedure until the watt-sec panel meter reads
100 £ 1 times the reading on the multi-volmeter.

This concludes the total instrument calibration procedure.




EQUIPMENT LIST - ABSORBED POWER METER

1 Main processor unit with carrying case

1 Remote meter panel

1 Start-Stop pendant switch with cable

1 Interconnect cable - main processor to remote meter pancl
1 Powor‘1nput cable - main processor to 24 v.d.c. source

1 Accelerometaer input cable - connector only

1 Banana plug jumper cable

SUGGESTED ACCOMPANYING ACCELEROMETER:
Model JTF Order Code AG 112 Acceleromoter
Range t 10 ¢

Sensitivity 10 mvig

Sensotec, Inc.

1200 Chesapeake Ave.
Columbus, OH 43212
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